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Introduction
Primarily due to the use of high throughput approaches such as Elispot

and intracellular cytokine staining (ICS), which allow for the rapid and com-
prehensive assessment of CTL activityex vivoand afterin vitro stimulation of
PBMC, more than 25 new optimally defined HIV epitopes have been reported
over the last year. Using overlapping peptide sets spanning the entire HIV pro-
tein sequences, many laboratories are now able to assess anti-HIV specific CTL
responses more comprehensively than was possible in the past. Not surpris-
ingly, this and more extensive focus of studies on individuals from ethnicities
that have traditionally been understudied, have allowed the identification of
epitopes in all HIV proteins presented by HLA alleles different from the ones
that dominate in Caucasian populations. These findings are of highest interest
for the design of HIV vaccine candidates to be effective in populations hardest
hit by the HIV epidemic.

Use of autologous and consensus HIV sequences
An increasing number of reports have highlighted the limitations that are

posed by using a defined source of antigen representing a single viral isolate,
be it recombinant vaccinia virus expressing isolate specific HIV proteins or
peptide sequences based on well characterized viral isolates such as HXB2
or SF2. It is now widely recognized that minor epitope sequence variation
can profoundly alter the recognition of CTL targets, and thus the need for more
suitable sources for viral antigen (and viral sequences) has become evident. The
efforts of researchers involved with the HIV Molecular Immunology Database

(http://hiv-web.lanl.gov/immunology/index.html) have provided new consen-
sus sequences that are designed to be more reflective of currently circulating
HIV sequences and that serve as the best available, albeit not ideal, reference
sequence for synthesizing overlapping peptide sets. These new consensus se-
quences established for HIV clade B and C are generally closer to autologous
HIV sequences in a given population than are the autologous sequences to a
specific viral isolate. Thus, these updated consensus sequences, which are
accessible at the HIV sequence database (http://hiv-web.lanl.gov/seq-db.html),
represent a good compromise between using an isolate specific reference se-
quence and synthesizing the impossibly large number of peptides required to
test all individuals in a specific study with their autologous sequence. However,
despite the apparent usefulness of these consensus sequences as the basis for
synthetic peptide sets, this sequence does not necessarily represent a replica-
tion competent viral sequence and may in certain instances be further removed
from the autologous sequences than a selected viral isolate’s sequence. Work
currently in progress (Altfeldet al., Draenertet al., unpublished) addresses
these issues to establish the overall advantage of these consensus sequences
for the purposes of T cell epitope definition, and of using autologous sequence
derived peptides. In our hands, these consensus sequences have proven very
useful (Frahmet al., unpublished) as even after studying 40 patients only, more
than 60% of the peptides in our 410 peptide set are targeted by at least one HIV
clade B infected individual.

All HIV proteins induce CTL responses
Rapid and relatively inexpensive assays such as the ubiquitous Elispot

have largely facilitated comprehensive analyses for CTL and T-helper cell re-
sponses against all HIV proteins. These analyses show that all HIV proteins
(including HIV Vpu, M. Addo et al., in press and N. Frahmet al., unpub-
lished) can be targeted by CD8+ CTL and thus may contribute to control of
HIV replication in infected individuals. Comprehensive analyses covering the
entire genome will undoubtedly add to our appreciation of HIV specific T cell
immunity, both CD4 and CD8 T cell mediated, and identify new candidates for
vaccine development. In addition, identification of these additional responses
may prove instructive for understanding the kinetics of CTL response induction,
antigen processing and immunodominance. However, as described above, re-
sponses may generally be underestimated since non-autologous viral sequences
are being used for peptide synthesis. Proteins, such as Tat, that have the great-
est variability and therefore divergence from the consensus sequence, may be
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particularly underrepresented. Thus, although very expensive and labor inten-
sive, at least in some instances responses need to be assessed using autologous
sequences to estimate the degree of potential underestimation resulting from
use of consensus sequence. These studies are currently underway (Altfeldet
al., unpublished). Sharing resources as well as exchanging immunological and
virological data on a platform such as the present HIV Molecular Immunology
database will help to provide this required information.

Inclusion of Non-Caucasian ethnicities
Many investigators have started to shift their focus from European and

US Caucasians populations to those worst afflicted by the HIV epidemic and to
sites where a vaccine could have the most impact in fighting the further spread
of HIV. Also, significant funding has been made available by national and in-
ternational agencies and foundations that foster investigations in HIV infected
individuals of non-Caucasian descent. These efforts, including virological and
host genetic analyses, will lead to an extensive number of newly defined CTL
epitopes in the next few years as traditionally understudied ethnicities are in-
cluded in or dominate these studies. Thereby, the identification of epitopes
presented by HLA class I alleles dominant in non-Caucasian populations will
provide important information on epitope clustering, HLA class I allele specific
binding motifs, and sequence variation in the targeted region. Along with more
detailed HLA subtype information, this will hopefully lead to the identifica-
tion of potential vaccine candidates that are tailored more to the needs of the
ethnicities most affected by the HIV epidemic.

Viral evolution as a result of immune pressure
Recent studies in animal models of HIV infection and in human mother-

child transmission of HIV have highlighted the possible consequences of strong
immune pressure exerted on the virus. For instance, very early in acute SIV
infection of macaques, a strongly targeted SIV Tat epitope shows rapid escape
from these CTL by sequence variability in the encoding region of Tat [Allen et
al, Nature 2000]. Escape at a single Gag epitope in chronic infection heralded
loss of control of viremia and progression to AIDS as had been shown earlier
in HIV infection [Barouch et al, Nature 2002, Goulder et al, Nat Med 1997].
Not only do these studies underline the existence of qualitative differences
between CTL of different specificities, but raise questions regarding the actual
relevance of a broad CTL response. The breadth of the CTL response has
been hypothesized to play a critical role in control of viremia [Carrington et

al, Science 1999], but the more recent studies emphasise the importance of the
quality of the response as opposed to the number of epitopes targeted.

CTL escape may similarly play an important role at the time of trans-
mission and in evolution of the virus over the course of the epidemic, For HIV
transmission from mother to child, transmission of CTL escape variants to the
infant has been demonstrated [Goulder et al, Nature, 2001]. Importantly, since
children share at least 50% of the HLA genes with their mothers, a viral escape
variant may deprive the infant of the possibility of developing this response,
potentially contributing to the faster progression HIV infection seen in infants
compared to adults. If taken to a population level, the accumulation of CTL
escape variants in a genetically homogeneous population may gradually lead
to the loss of CTL epitopes in the HIV sequence. Such a phenomenon might
not be observed in a genetically heterogeneous population, as the virus would
have a chance to intermittently passage through different genetic backgrounds,
assuming that escape variants were to revert back in the absence of the evo-
lutionary pressure that originally drove their selection. Whether such broad
reversion in fact occurs remains to be determined. Similarly, escape variants
may or may not possess reduced viral fitness. It could be hypothesised that the
gradual accumulation of CTL escape mutants over time may reduce the patho-
geneity of the virus, since such viruses would be replicatively less fit. Equally,
it could be hypothesised that loss of the critical epitopes associated with ef-
fective control of viremia may prove to be of sufficient advantage to the virus
to increase viral fitnessin vivo. Where the balance between immunogenicity
and pathogenicity will lie is a subject for speculation but remains an important
issue of relevance to vaccine design. Ongoing studies comparing current and
historic HIV sequences from genetically dissimilar populations will enable this
question to be addressed. The definition of CTL responses in these populations
and the accompanying sequencing and HLA typing data will provide the first
step towards finding an answer to this potentially devastating scenario.
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Table 1 Best Defined HIV CTL Epitopes

HLA Protein AA Sequence Reference

A*0201 (A2) 2 6 C [Falk (1991), Barouch (1995)]
1◦ anchor L L

M V
2◦ anchor V

A*0201 (A2) p17 77–85 SLYNTVATL [Johnson (1991), Parker (1992), Parker (1994)]

A*0201 (A2) p1 1–10 FLGKIWPSYK [Xu (2002)]

A*0201 (A2) Protease 76–84 LVGPTPVNI [Altfeld (2001b)]

A*0201 (A2) RT 33–41 ALVEICTEM [Haas (1998), Haas(1999)]

A*0201 (A2) RT 127–135 YTAFTIPSI [Altfeld (2001b)]

A*0201 (A2) RT 179–187 VIYQYMDDL [Harrer (1996a)]

A*0201 (A2) RT 309–317 ILKEPVHGV [Walker (1989), Tsomides (1991)]

A*0201 (A2) Vpr 59–67 AIIRILQQL [Altfeld (2001a), Altfeld (2001b)]

A*0201 (A2) Vpr 62–70 RILQQLLFI [Altfeld (2001b)]

A*0201 (A2) gp160 121–129 KLTPLCVTL [Altfeld (2001b)]

A*0201 (A2) gp160 311–320 RGPGRAFVTI [Alexander-Miller (1996)]

A*0201 (A2) gp160 813–822 SLLNATDIAV [Dupuis (1995)]

A*0201 (A2) Nef 136–145 PLTFGWCYKL [Haas (1996), Maier & Autran(1999)]

A*0201 (A2) Nef 137–146 LTFGWCFKLV [Altfeld (2001b)]

A*0201 (A2) Nef 180–189 VLEWRFDSRL [Haas (1996), Maier & Autran(1999)]

A*0201 (A2) p24/p2 230–7 VLAEAMSQV [Altfeld (2001b)]

A*0202 (A2) 2 C [Barouch (1995)]

L L
V

A*0202 (A2) p17 77–85 SLYNTVATL [Goulder (2000)]

A*0205 (A2) p17 77–85 SLYNTVATL [Goulder (2000)]
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Table 1 (cont.) Best Defined HIV CTL Epitopes

HLA Protein AA Sequence Reference

A*0301 (A3) 2 C [DiBrino (1993), Rammensee (1995)]
L K
V Y
M F

A*0301 (A3) p17 18–26 KIRLRPGGK [Harrer (1996b)]

A*0301 (A3) p17 20–28 RLRPGGKKK [Goulder (1997a), Culmann(1999), Lewinsohn (1999),

Wilkes & Ruhl(1999)]

A*0301 (A3) p17 20–29 RLRPGGKKKY [Goulder (2000)]

A*0301 (A3) RT 33–43 ALVEICTEMEK [Haas (1998), Haas(1999)]

A*0301 (A3) RT 93–101 GIPHPAGLK [Altfeld (2000)]

A*0301 (A3) RT 158–166 AIFQSSMTK [Threlkeld (1997)]

A*0301 (A3) RT 269–277 QIYPGIKVR [Altfeld (2000)]

A*0301 (A3) VIF 17–26 RIRTWKSLVK [Altfeld (2000)]

A*0301 (A3) Vif 17–26 RIRTWKSLVK [Altfeld (2001a)]

A*0301 (A3) gp160 37–46 TVYYGVPVWK [Johnson (1994)]

A*0301 (A3) gp160 770–780 RLRDLLLIVTR [Takahashi (1991)]

A*0301 (A3) Nef 73–82 QVPLRPMTYK [Koenig (1990), Culmann (1991)]

A3 (A3) RT 73–82 KLVDFRELNK [Xu & Altfeld(2002)]

A3 (A3) RT 356–366 RMRGAHTNDVK [Xu & Altfeld(2002)]

A3 (A3) Integrase 179–188 AVFIHNFKRK [Xu & Altfeld(2002)]

A3 (A3) Vif 28–36 HMYISKKAK [Xu & Altfeld(2002)]

A3 (A3) Vif 158–168 KTKPPLPSVKK [Xu & Altfeld(2002)]

A3 (A3) Rev 57–66 ERILSTYLGR [M. Addo(2002)]

A3 (A3) Nef 84–92 AVDLSHFLK [Xu & Altfeld(2002)]
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Table 1 (cont.) Best Defined HIV CTL Epitopes

HLA Protein AA Sequence Reference

A*1101 (A11) 2 C [Zhang (1993), Rammensee (1995)]
K

V
I
F
Y

A*1101 (A11) p17 84–92 TLYCVHQRI [Harrer (1998)]

A*1101 (A11) p24 217–227 ACQGVGGPGHK [Sipsas (1997)]

A*1101 (A11) RT 158–166 AIFQSSMTK [Johnson & Walker(1994), Zhang (1993), Threlkeld

(1997)]

A*1101 (A11) RT 341–350 IYQEPFKNLK [Culmann(1999)]

A*1101 (A11) RNase 80–88 QIIEQLIKK [Fukada (1999)]

A*1101 (A11) Integrase 179–188 AVFIHNFKRK [Fukada (1999)]

A*1101 (A11) gp160 199–207 SVITQACPK [Fukada (1999)]

A*1101 (A11) Nef 73–82 QVPLRPMTYK [Buseyne(1999)]

A*1101 (A11) Nef 75–82 PLRPMTYK [Culmann (1991)]

A*1101 (A11) Nef 84–92 AVDLSHFLK [Culmann (1991)]

A*2402 (A24) 2 C [Maier (1994)]
Y I

L
F

A*2402 (A24) p17 28–36 KYKLKHIVW [Ikeda-Moore (1998), Lewinsohn(1999)]

A*2402 (A24) p24 162–172 RDYVDRFFKTL [Dorrell (1999), Rowland-Jones(1999)]

A*2402 (A24) gp160 52–61 LFCASDAKAY [Lieberman (1992), Shankar (1996)]

A*2402 (A24) gp160 585–593 RYLKDQQLL [Dai (1992)]

A*2402 (A24) Nef 134–141 RYPLTFGW [Goulder (1997b), Ikeda-Moore (1998)]

A*2501 (A25) p24 13–23 QAISPRTLNAW [Kurane & West(1999)]

A*2501 (A25) p24 71–80 ETINEEAAEW [Klenerman (1996), van Baalen (1996)]
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Table 1 (cont.) Best Defined HIV CTL Epitopes

HLA Protein AA Sequence Reference

A*2601 (A26) 12 6 C [Dumrese (1998)]
V Y
T F
I
L
F

D I
E L

V
A*2601 (A26) p24 35–43 EVIPMFSAL [Goulder (1996a)]

A*2902 (A29) gp160 209–217 SFEPIPIHY [Altfeld (2000)]

A*3002 (A30) 12 C [Rammensee (1999)]
Y Y
F
L
V

R
A*3002 (A30) p17 76–86 RSLYNTVATLY [Goulder (2001a)]

A*3002 (A30) RT 173–181 KQNPDIVIY [Goulder (2001a)]

A*3002 (A30) RT 263–271 KLNWASQIY [Goulder (2001a)]

A*3002 (A30) gp160 704–712 IVNRNRQGY [Goulder (2001a)]

A*3002 (A30) gp41 794–802 KYCWNLLQY [Goulder (2001a)]

A*3101 (A31) 2 C [Falk (1994), Rammensee (1999)]
R

L
V
Y
F

A*3101 (A31) gp160 770–780 RLRDLLLIVTR [Safrit (1994a), Safrit (1994b)]

A*3201 (A32) RT 392–401 PIQKETWETW [Harrer (1996b)]

A*3201 (A32) gp160 419–427 RIKQIINMW [Harrer (1996b)]
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Table 1 (cont.) Best Defined HIV CTL Epitopes

HLA Protein AA Sequence Reference

A33 (A33) Vpu 29–37 EYRKILRQR [M. Addo(2002)]

A*6802 (A68) Protease 3–11 ITLWQRPLV [Rowland-Jones(1999)]

A*6802 (A68) Protease 30–38 DTVLEEWNL [Rowland-Jones(1999)]

A*6802 (A68) gp160 777–785 IVTRIVELL [Wilkes(1999)]

A*7401 (A19) Protease 3–11 ITLWQRPLV [Rowland-Jones(1999)]

B*0702 (B7) 123 C [Englehard (1993), Rammensee (1999)]
P L
A R
R K

B*0702 (B7) p24 16–24 SPRTLNAWV [Lewinsohn(1999)]

B*0702 (B7) p24 48–56 TPQDLNTML [Wilson (1999), Wilkes (1999), Jin (2000), Wilson

(1997)]

B*0702 (B7) p24 223–231 GPGHKARVL [Goulder (2000)]

B*0702 (B7) Vpr 34–42 FPRIWLHGL [Altfeld (2001a)]

B*0702 (B7) Vif 48–57 HPRVSSEVHI [Altfeld (2001a)]

B*0702 (B7) gp160 298–307 RPNNNTRKSI [Safrit (1994b)]

B*0702 (B7) gp160 843–851 IPRRIRQGL [Wilkes & Ruhl(1999)]

B*0702 (B7) Nef 68–77 FPVTPQVPLR [Haas (1996), Maier & Autran(1999)]

B*0702 (B7) Nef 71–79 TPQVPLRPM [Goulder(1999)]

B*0702 (B7) Nef 77–85 RPMTYKAAL [Bauer (1997)]

B*0702 (B7) Nef 128–137 TPGPGVRYPL [Culmann-Penciolelli (1994), Haas (1996)]

?B*0702 (B7) p24 84–92 HPVHAGPIA [Xu & Altfeld(2002)]
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Table 1 (cont.) Best Defined HIV CTL Epitopes

HLA Protein AA Sequence Reference

B*0801 (B8) 23 5 C [Hill (1992), Sutton (1993), DiBrino (1994a)]
K K L

R
PR
L

B*0801 (B8) p17 24–32 GGKKKYKLK [Rowland-Jones (1993), Goulder (1997d)]

B*0801 (B8) p17 74–82 ELRSLYNTV [Goulder (1997d)]

B*0801 (B8) p24 128–135 EIYKRWII [Sutton (1993), Goulder (1997d)]

B*0801 (B8) p24 197–205 DCKTILKAL [Sutton (1993)]

B*0801 (B8) RT 18–26 GPKVKQWPL [Walker (1989), Sutton (1993)]

B*0801 (B8) gp160 2–10 RVKEKYQHL [Sipsas (1997)]

B*0801 (B8) gp160 586–593 YLKDQQLL [Johnson (1992), Shankar (1996)]

B*0801 (B8) Nef 13–20 WPTVRERM [Goulder (1997d)]

B*0801 (B8) Nef 90–97 FLKEKGGL [Culmann-Penciolelli (1994), Price (1997)]

B*1402 (B14) 23 5 C [DiBrino (1994b)]
R R L
K H

L
Y
F

B*1402 (B14) p24 166–174 DRFYKTLRA [Harrer (1996b)]

B*1402 (B14) gp160 584–592 ERYLKDQQL [Johnson (1992)]

B*1501 (B62) 2 C
Q Y [Barber (1997)]

L F [Barber (1997)]

M [Barber (1997)]

B*1501 (B62) p24 137–145 GLNKIVRMY [Johnson (1991), Goulder(1999)]

B*1501 (B62) RT 260–271 LVGKLNWASQIY [Johnson(1999)]

B*1501 (B62) RT 309–318 ILKEPVHGVY [Johnson (1991), Johnson(1999)]

B*1501 (B62) Nef 117–127 TQGYFPDWQNY [Culmann(1999)]

B*1503 (B72) Tat 38–47 FQTKGLGISY [Novitsky (2001)]
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Table 1 (cont.) Best Defined HIV CTL Epitopes

HLA Protein AA Sequence Reference

B*1516 (B63) 2 9 [Barber (1997), Seeger (1998)]
T Y
S I

V
F

B*1516 (B63) gp160 375–383 SFNCGGEFF [Wilson (1997), Wilson(1999)]

B*1801 (B18) p24 161–170 FRDYVDRFYK [Ogg (1998)]

B*1801 (B18) Vif 102–111 LADQLIHLHY [Altfeld (2001a)]

B*1801 (B18) Nef 135–143 YPLTFGWCY [Culmann (1991), Culmann-Penciolelli (1994)]

B*2705 (B27) 12 C [Jardetzky (1991), Rammensee (1995)]
R L

F
K K
R R
G I
A

B*2705 (B27) p17 19–27 IRLRPGGKK [McKinney (1999), Lewinsohn(1999)]

B*2705 (B27) p24 131–140 KRWIILGLNK [Nixon (1988), Buseyne (1993), Goulder (1997c)]

B*2705 (B27) gp160 786–795 GRRGWEALKY [Lieberman (1992), Lieberman(1999)]

B*2705 (B27) Nef 105–114 RRQDILDLWI [Goulder (1997a)]
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Table 1 (cont.) Best Defined HIV CTL Epitopes

HLA Protein AA Sequence Reference

B*3501 (B35) 2 C [Hill (1992), Rammensee (1999)]
P Y
A F
V M
S L

I
B*3501 (B35) p17 36–44 WASRELERF [Goulder (1997b)]

B*3501 (B35) p17 124–132 NSSKVSQNY [Rowland-Jones (1995)]

B*3501 (B35) p24 122–130 PPIPVGDIY [Rowland-Jones (1995)]

B*3501 (B35) RT 107–115 TVLDVGDAY [Wilkes & Ruhl(1999), Wilson (1999)]

B*3501 (B35) RT 118–127 VPLDEDFRKY [Sipsas (1997), Shiga (1996)]

B*3501 (B35) RT 175–183 NPDIVIYQY [Sipsas (1997), Shiga (1996)]

B*3501 (B35) gp160 42–52 VPVWKEATTTL [Wilkes & Ruhl(1999)]

B*3501 (B35) gp160 78–86 DPNPQEVVL [Shiga (1996)]

B*3501 (B35) gp160 606–614 TAVPWNASW [Johnson (1994)]

B*3501 (B35) Nef 74–81 VPLRPMTY [Culmann (1991), Culmann-Penciolelli (1994)]

B*3701 (B37) 2 C [Falk (1993)]
D F
E M

L
I

B*3701 (B37) Nef 120–128 YFPDWQNYT [Culmann (1991), Culmann(1999)]

B*3901 (B39) 2 C [Falk (1995a)]
R L
H

B*3901 (B39) p24 61–69 GHQAAMQML [Kurane & West(1999)]
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Table 1 (cont.) Best Defined HIV CTL Epitopes

HLA Protein AA Sequence Reference

B*4001 (B60) 2 C [Falk (1995b)]
E L

B*4001 (B60) p17 92–101 IEIKDTKEAL [Altfeld (2000)]

B*4001 (B60) p24 44–52 SEGATPQDL [Altfeld (2000)]

B*4001 (B60) p6 33–41 KELYPLTSL [Yu & Altfeld(2001)]

B*4001 (B60) RT 202–210 IEELRQHLL [Altfeld (2000)]

B*4001 (B60) gp160 805–814 QELKNSAVSL [Altfeld (2000)]

B*4001 (B60) Nef 92–100 KEKGGLEGL [Altfeld (2000)]

B*4201 (B42) p24 48–56 TPQDLNTML [Goulder (2000)]

B*4201 (B42) RT 271–279 YPGIKVRQL [Wilkes & Ruhl(1999)]

B*4201 (B42) Nef 128–137 TPGPGVRYPL [Goulder(1999)]

B*4402 (B44) 2 C [Rammensee (1999)]
E F

Y
B*4402 (B44) p24 162–172 RDYVDRFYKTL [Ogg (1998)]

B*4402 (B44) p24 174–184 AEQASQDVKNW [Lewinsohn(1999)]

B*4402 (B44) gp160 31–40 AENLWVTVYY [Borrow (1997)]

B*5101 (B51) 2 C [Falk (1995a)]
A F
P I
G

B*5101 (B51) RT 42–50 EKEGKISKI [Haas (1998), Haas(1999)]

B*5101 (B51) RT 128–135 TAFTIPSI [Sipsas (1997)]

B*5101 (B51) gp160 416–424 LPCRIKQII [Tomiyama (1999)]

B*5101 (B51) gp160 557–565 RAIEAQQHL [Sipsas (1997)]

B*5201 (B52) 2 C [Rammensee (1999)]
I
V

Q
B*5201 (B52) p24 143–150 RMYSPTSI [Wilkes & Ruhl(1999), Wilson (1997)]



       

Optimal HIV-1 CTL Epitopes
R

eview
s

I-13
DEC 2001

Table 1 (cont.) Best Defined HIV CTL Epitopes

HLA Protein AA Sequence Reference

B*5301 (B53) 2 C
P L [Hill (1992)]

B*5301 (B53) p24 176–184 QASQEVKNW [Buseyne (1996), Buseyne (1997), Buseyne(1999)]

B*5301 (B53) Tat 2–11 EPVDPRLEPW [Addo (2001)]

B*5501 (B55) 2 C [Barber (1995)]
P

A
B*5501 (B55) gp160 42–51 VPVWKEATTT [Shankar (1996), Lieberman(1999)]

B*5701 (B57) 12 C [Barber (1997)]
A F
T W
S

K Y
B*5701 (B57) p24 15–23 ISPRTLNAW [Johnson (1991), Goulder (1996b)]

B*5701 (B57) p24 30–40 KAFSPEVIPMF [Goulder (1996b)]

B*5701 (B57) p24 108–118 TSTLQEQIGWF [Goulder (1996b)]

B*5701 (B57) p24 176–184 QASQEVKNW [Goulder (1996b)]

B*5701 (B57) RT 244–252 IVLPEKDSW [van der Burg (1997), Hay(1999)]

B*5701 (B57) Integrase 173–181 KTAVQMAVF [Goulder (1996b), Hay(1999)]

B*5701 (B57) Vpr 30–38 AVRHFPRIW [Altfeld (2001a)]

B*5701 (B57) Vif 31–39 ISKKAKGWF [Altfeld (2001a)]

B*5701 (B57) Rev 14–23 KAVRLIKFLY [Addo(2001)]

B*5701 (B57) Nef 116–124 HTQGYFPDW [Culmann (1991), Draenert(2002)]

B*5701 (B57) Nef 120–127 YFPDWQNY [Culmann (1991), Draenert(2002)]

B57 (B57) Nef 116–124 HTQGYFPDW [Draenert(2002)]

B*5703 (B57) p24 30–37 KAFSPEVI [Goulder (2000)]

B*5703 (B57) p24 30–40 KAFSPEVIPMF [Goulder (2000)]
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Table 1 (cont.) Best Defined HIV CTL Epitopes

HLA Protein AA Sequence Reference

B*5801 (B58) 12 C [Barber (1997), Falk (1995b)]
A F
T W
S

K
V
I

B*5801 (B58) p24 108–117 TSTLQEQIGW [Goulder (1996b)]

B*5801 (B58) Rev 14–23 KAVRLIKFLY [Addo (2001)]

B*8101 (B81) p24 48–56 TPQDLNTML [Goulder (2000)]

B*8101 (B81) Vpr 34–42 FPRIWLHGL [Altfeld (2001a)]

Cw*0102 (Cw1) 23 C [Barber (1997)]
A L
L

P
Cw*0102 (Cw1) p24 36–43 VIPMFSAL [Goulder (1997b)]

Cw*0401 (Cw4) 2 6 C [Falk (1994)]
Y L
P F
F M

V
I
L

Cw*0401 (Cw4) gp160 375–383 SFNCGGEFF [Wilson (1997), Johnson (1993)]

Cw*0702 Nef 105–115 RRQDILDLWIY [Xu (2002)]

Cw*0802 (Cw8) p24 48–56 TPQDLNTML [Goulder (2000)]

Cw*0802 (Cw8) Nef 82–91 KAAVDLSHFL [Nixon (1999)]

B14 or Cw8 Rev 67–75 SAEPVPLQL [van Baalen & Gruters(2000)]

Cw*0501 (Cw5) Rev 67–75 SAEPVPLQL [Addo (2001)]
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SUMMARY

The Epitope Location Finder (ELF) site (http://hiv-web.lanl.gov/

ALABAMA/epitope_analyzer.html ) performs various analyses of HIV-1
peptide and protein sequences with the intention of facilitating the task of iden-
tifying optimal reactive CTL epitopes. The input requires some combination
of: a reactive peptide that is known to stimulate CTL responses, the HLA type
of the individual whose CTL response is under study, and the protein sequence
that was used as a basis for peptide design. There are multiple output options,
ranging from minimal to more complex and voluminous.

To summarize, ELF can:
• list the HLA genotypes associated with a submitted HLA serotypes, or

vice versa, and create a table of related anchor residue motif patterns;
• scan a submitted HIV-1 amino acid string representing a peptide that is

able to stimulate a CTL response for potential epitopes, based on anchor
motifs for specified HLA molecules;

• find the HXB2 coordinates of a reactive peptide and extract an alignment
of the peptide against the sequences in our master alignment sets;

• search our HIV epitope database for known epitopes within the bound-
aries of the submitted peptide;

• draw maps of HIV proteins showing location of epitopes, highlighted in
red, that have HLA presenting molecules that agree with the submitted
HLA;

• provide information about epitopes that might have been missed because
the protein sequence used to design an overlapping peptide set differed
in a known epitope.

INPUT SUBMISSION FORM

The input form page (Figure 1) has data input boxes, to be filled in by
the user, and a list of possible outputs which will be computed when the output
check boxes are checked. The output option called Summary tables is selected
by default but may be turned off if desired.

Figure 1. The data input submission form for ELF. Input fields occupy the
upper part of the screen, and output option check boxes are at the bottom. Each
field label is a link to a file explaining its use.
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ANALYSIS OPTIONS

The Patient ID and Peptide ID are optional inputs for the convenience of
the user who may have several different data sets to analyze. They are simply
printed, unchanged, in the output.

Associated HLAs
The Patient HLA input field can be filled in with one or more HLA types.

Both serotypes (e.g., A2) and genotypes (e.g., B*1801) are acceptable. Multiple
HLAs can be submitted if they are separated by a space character or comma,
e.g., “B8 B60” or “B8, B60”. If patient HLA information is submitted, with
the Summary tables output option selected, a simple analysis is run in which
the B8 and B60 serotypes are “expanded” to include associated HLA genotypes
and presented as a table (Table 1). The listing of known serotypes with their
corresponding defined genotypes was primarily based on: “The HLA dictionary
1999: a summary of HLA-A, -B, -C, -DRB1/3/4/5, -DQB1 alleles and their
association with serologically defined HLA-A, -B, -C, -DR and -DQ antigens,”
G. M. Th. Schreuder, C. K. Hurley, S. G. E. Marsh, M. Lau, M. Maiers, C.
Kollman, H. Noreen.Tissue Antigens54:409–437 (1999).

Table 1 HLAs associated with users input

Submitted HLAs Associated HLAs

B8 B60 B8, B*0801, B*0802, B*0803, B*0806, B60, Bw60,
B*4001, B*40012

Potential Anchor Motifs
An Anchor Motifs table (Table 2) shows any anchor residue motifs asso-

ciated with the HLAs submitted. In the motifs column a “.” character means
any amino acid may occur at that position, while square brackets list the amino
acids required at that position. For example in the B8 motifs below, a K or an
R must occur at position 5. HLA anchor residue motifs used here are listed
in The HLA Fact Bookby S. Marsh, P. Parham, and L.Barber, published by
the Academic Press, 2000, andMHC Ligands and Peptide Motifs, by H. G.

Rammensee, J. Bachmann, and S. Stevanovic, Chapman and Hall publishers,
1997. To find out more detailed information concerning HLA motifs, see the
SYFPEITHI Web site athttp://syfpeithi.bmi-heidelberg.com .

Similar output can be obtained using the program Motifscan; class II an-
chor motifs or proteins from other organisms can also be included in Motifscan
searches, or when using some of the non-HIV specific tools in ELF.

Table 2 Anchor residue motif patterns as-
sociated with user-submitted HLAs

HLA Anchor Residue Motifs

B8 ..[K].[KR]...[L]
B8 ..[K].[KR]..[L]
B8 ..[K].[KR]....[L]
B*40012 .[E]......[L]
B*40012 .[E].....[L]
B*40012 .[E].......[L]

Note: An updated listing of serotypes, genotypes and anchor motifs
including several new references is underway, we hope to have it available
within the Elf and Motifscan programs by fall 2002.
To summarize this combination of input and output options:

Input Output Results
HLA only Summary Tables only Expanded list of “associated HLA”

and table of anchor residue motifs
associated with those HLAs

Potential Epitopes in User-supplied Peptide
The Peptide Sequence data entry box on the input form (Figure 1) is the

place to enter a peptide of interest for analysis, such as an immunologically
reactive peptide. This sequence, in conjunction with HLA information, and the
Summary Tables output selection produces not only the “Associated HLAs”
and “Anchor residue motifs” (Tables 1 & 2) shown above, butalso identifies
the location of this peptide in the HIV genome, and creates a table of “Possible
Epitopes” lurking in the peptide (Table 3). The possible epitopes table looks
like this for the submitted peptideHQREIKDTKEALDKIEEand HLA B40
combination.
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Table 3 Possible epitopes based on anchor residues

Position in query peptide AA sequence HLA

(3–12) REIKDTKEAL B40

The table shows that at position 3–12 of the hypothetical submitted se-
quence “HQREIKDTKEALDKIEE” there occurs an amino acid string which
matches one of the B*40012 anchor residue motifs in the Anchor Motifs Table
above.

REIKDTKEALdkiee submitted peptide
|||||||||| matches
.E.......L a B*40012 anchor motif

Note, that possible epitopes are just possibilities; they may well have never
been observed, and may not occur in our database. They are intended to suggest
possibilities for optimal epitopes within a larger reactive peptide, and may help
streamline the screening process.

To summarize this combination of input and output options:

Input Output Results
HLA +
peptide
sequence

Summary Tables
only

The tables listed above + a list of pos-
sible epitopes within the peptide se-
quence that match the anchor motifs

Alignment

The submitted Peptide Sequence will be aligned to the set of complete
HIV database alignments if you select the Align peptide sequence output option.
A portion of this alignment is shown in Figure 2.

Figure 2. Part of the alignment generated by ELF.

Known Epitopes
To determine whether any of the known epitopes listed in our database

occur within the bounds of your submitted peptide sequence, then in the output
selection table check the option called “Known epitopes in database”. This
will produce, in addition to the tables already described, a link to all records
in our CTL database of known epitopes whose position in the HIV protein is
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contained within the region covered by a submitted peptide. The HLA of these
database epitopes may differ from the submitted HLA.
To summarize this combination of input and output options:

Input Output Results
HLA +
peptide
sequence

Summary Tables
+ Known epitopes
in database

The tables listed above + link to data-
base records

Maps
Another output option called Maps will draw maps that show the location

of all known epitopes of length< 22 AA for each HIV protein. The epitopes
whose HLA matches any of the HLAs in the input list will be highlighted in
red. The example shown (Figure 3) below is part of the Gag p17 protein with
all A2 and associated HLAs highlighted. The maps are in pdf format which can
be viewed in Adobe Acrobat and printed. The Maps option is the most time
consuming computation at this site; it takes about 10–15 seconds to complete.

Figure 3. Part of the p17 protein with HLA A2 epitopes highlighted in red.

Finding “missed” epitopes
The last of the input options (Figure 1) called “Protein Sequence of User’s

Viral Strain” is used in conjunction with the output option “Find missed epi-
topes.” This option allows the user to search an entire (or partial) HIV protein
sequence to find sequence substitutions relative to known epitopes presented
by a given HLA. Thus the HLA type of an individual is used to focus on pre-
viously defined epitopes with appropriate HLA presenting molecules; if the
protein sequence used to generate peptides has substitutions relative to the re-
active epitope, it is flagged as an epitope that might have been missed in the
peptide screening for reactive peptides, due to natural HIV variation. This
output option alerts the user to potential immunologically significant sequence
differences between the user’s isolate sequence and known epitopes in the
database. To illustrate, if HLA B35 was submitted along with the Nef protein
from user’s isolate “x” (only part of which is shown here, with the region of
interest underlined):

...TNAACAWLEAQEEEEVGFPVTPQVPLRPMTYKAAVDLSHFLKEKGGLEGL ...

Table 4 would result. The second column of the table shows known epitopes
from our database whose HLA agrees with the query HLA (B35), but whose
amino acid sequencediffers from the equivalent amino acid sequence in the
user’s HIV isolate, shown in column 3. The users sequence has a ”T” in position
4 of the epitope whereas the database epitope has an R at that position. Column
1 of the table contains a link to the database record which can be examined
for further details about this epitope including the reference to the study that
originally defined the epitope.

Table 4. Known Epitopes Potentially Missed in Users Isolate

Epitope in Epitope in Epitope in
Position database ref. strain CON-B HLA

Nef(68–76) FPVRPQVPL FPVTPQVPL fpvrpqvpl B35
Nef(68–76) FPVRPQVPL FPVTPQVPL fpvrpqvpl B*3501
Nef(73–82) SVPLRPMTYK QVPLRPMTYK qvplrPmtyk B35 C4



     

ELF
R

eview
s

I-25
DEC 2001

To summarize this combination of input and output options:

Input Output Results
HLA + pep-
tide sequence
+ sequence
of HIV strain

Summary Tables
+ Known epi-
topes in database
+ Find missed
epitopes

The tables listed above + table of
known potentially missed epitopes and
links to database

It is understandable that the reader may be confused by the many options
discussed above in a static presentation on paper. A clearer understanding of the
ELF site can best be had by connecting to it—http://hiv-web.lanl.gov/

ALABAMA/epitope_analyzer.html —and running the “Sample Input”. Or
you can run your own data with various input and output options. The Map
output option is the slowest computation, so it may be preferable to leave it
unchecked at least while getting a feel for how the site works. Please send sug-
gestions for modifications or error reports to btk@lanl.gov and cxc@lanl.gov.
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Simian immunodeficiency virus (SIV) infected rhesus macaques are cur-
rently the most widely used animal model for evaluating different vaccine
modalities. Most candidate vaccines now seek to engender cytotoxic T-lympho-
cyte (CTL) responses, either singly or in concert with other immune responses,
as CTL are clearly important in the naturally occurring immune responses to
HIV and SIV [1–4]. The lack of well-characterized CTL epitopes in SIV re-
mains a serious bottleneck in vaccine research. Most vaccines evaluate the
quality of the CTL response by determining the frequency of CTL directed
against a single epitope, the Mamu-A*01 restricted Gag181–189 CM9 epitope.
The focus on this epitope is understandable in light of the facts that Mamu-
A*01 positive animals are common in captive bred macaque populations [5]
and that Gag181–189 CM9 is conserved in several commonly used SIV challenge
strains, including SIVmac239, SIVmac251, and SHIV89.6P. However, the in-
tense selection of these animals for inclusion in vaccine studies has created
an acute shortage of Mamu-A*01-positive animals [6]. Therefore, it remains
important to identify and characterize SIV-specific CTL responses restricted
by other common rhesus MHC class I alleles to expand the number of animals
accessible to vaccine research.

Fortunately, Mamu-A*01 is not the only common MHC class I allele in
captive bred macaques. Sequence-based genotyping of macaques has identified
four additional alleles (Mamu-A*02, -A*08, -B*01, and -B*17) that are present
in>10% of macaques (unpublished data). The peptide binding motif for Mamu-
B*17 has already been determined, and this information is currently being used
to identify putative CTL epitopes in commonly used SIV strains [7]. This work
has been facilitated by the development of techniques such as intracellular
cytokine staining (ICS) [8–10] and IFN-γ ELISPOT that allow rapidex vivo

detection of responding CTL without time-consumingin vitro restimulations.
Within the next few years, rhesus with other common MHC alleles will likely
supercede Mamu-A*01 animals as the preferred model for testing SIV vaccines.

Another avenue for increasing the number of animals available for vac-
cine studies is to utilize Chinese rhesus macaque in addition to the more com-
monly utilized Indian rhesus macaques. Both Chinese and Indian macaques
are readily infected with common SIV challenge strains including SIVmac 251
and SIVmac 239 [13, 14]. However, the immunogenetics of Chinese macaques
differ substantially from Indian macaques (unpublished data). In an analysis of
over 30 Chinese macaques, no animals expressing Mamu-A*01 were detected
[15], though this allele is present in over 25% of Indian rhesus macaques [5].
These differences at the MHC class I loci are supported by evidence of genetic
and morphological differences between the groups [16, 17]. Therefore, using
Chinese macaques for SIV research will likely necessitate a duplication of the
immunogenetic work that has already been performed for Indian macaques;
identifying common MHC class I alleles, defining the peptide binding motifs
for these alleles, predicting CTL epitopes based on the peptide binding motifs,
and finally verifying these CTL responsesex vivofrom SIV-infected Chinese
macaques.

Despite the need to expand the SIV-infected rhesus macaque model, the
description of new CTL epitopes is impeded by financial and practical con-
siderations. The value of ICS for epitope identification has been tempered
by the cost of applying this technique to comprehensively monitor immune
responses to whole viral genomes. For example, simply generating a set of
overlapping 15-mers spanning each of the proteins in SIVmac 239 costs ap-
proximately $80,000. This initial expenditure, plus access to flow cytometers
and SIV-infected animals, places CTL epitope identification beyond the means
of most non-specialist laboratories. The routine costs of CTL epitope mapping
are a burden even to specialist labs that have the capacity for high-throughput
ICS. A single analysis of the entire cellular immune response against SIV costs
over $700 and identifies only peptide pools (approximately 10 15-mer peptides
each) that are reactive. To deconvolute the pool and identify the minimal, op-
timal CTL epitope, another $600 in ICS tests is required, plus the synthesis of
$3500 in 8-mers, 9-mers, and 10-mers that span the reactive 15-mer. Finally,
the restricting element for a response can be determined by testing antigen pre-
senting cells expressing well-defined MHC class I alleles with the reactive CTL.
However, these specialized antigen presenting cell lines are time-consuming to
generate and have limited utility beyond epitope mapping. In sum, the cost
for mapping a single novel SIV CTL epitope is upwards of $5000 (excluding
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initial peptide and animal husbandry costs). The reward for this expenditure
can be uncertain, as peer-reviewed journals such as theJournal of Virologyhave
stated that “[we] will not publish papers that simply. . . identify new immun-
odominant peptides representing T- or B- cell epitopes. . .Such information or
reagents must instead be used in further experimentation to test an idea or relate
a clear set of novel conclusions that derive from the data [18].” Though this
guideline is intended to prevent the repetitive publication of manuscripts con-
taining new CTL epitopes, it also actively discourages the identification of new
CTL epitopes by favoring in-depth analysis of previously described epitopes.

Regardless, eight new SIV and SHIV CTL epitopes have been mapped
in the two years since the last sequence compendium review on this topic [19].
Epitopes that have been fully characterized, including MHC class I restriction,
are subdivided into those restricted by A-loci alleles (Table I) and B-loci alleles
(Table II). Responses that have not been minimally mapped or whose restriction
is uncertain are shown in Table III.
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Table I. Defined CTL Epitopes with Known Restricting MHC class I A Loci Molecules

Virus Species Protein Epitope Restricting Allelea GenBank Acc. No. Reference

SIVmac239 Rhesus Gag 149-157 LSPRTLNAW Mamu-A*01 U50836 11
SIVmac251 Rhesus Gag 181-189 CTPYDINQM Mamu-A*01 U50836 11
SIVmac239 Rhesus Gag 254-262 QNPIPVGNI Mamu-A*01 U50836 11
SIVmac239 Rhesus Gag 340-349 VNPTLEEMLT Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Gag 372-379 LAPVPIPF Mamu-A*01 U50836 11
SIVmac239 Rhesus Pol 51-61 EAPQFPHGSSA Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Pol 143-152 LGPHYTPKIV Mamu-A*01 U50836 11
SIVmac239 Rhesus Pol 147-155 YTPKIVGGI Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Pol 359-368 GSPAIFQYTM Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Pol 474-483 IYPGIKTKHL Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Pol 588-596 QVPKFHLPV Mamu-A*01 U50836 11
SIVmac251 Rhesus Pol 621-629 STPPLVRLV Mamu-A*01 U50836 11
SIVmac239 Rhesus Pol 692-700 SGPKTNIIV Mamu-A*01 U50836 11
SIVmac239 Rhesus Env 235-243 CAPPGYAL(L) Mamu-A*01 U50836 11
SHIV-89.6 Rhesus Env 431-439 YAPPISGQI Mamu-A*01 U50836 20
SIVmac239 Rhesus Env 504-512 ITPIGLAPT Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Env 622-630 TVPWPNASLb Mamu-A*01 U50836 11
SIVsmE660 Rhesus Env 622-630 TVPWPNETLb Mamu-A*01 U50836 21
SIVmac239 Rhesus Env 728-736 SSPPSYFQT Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Env 729-738 SPPSYFQTHT Mamu-A*01 U50836 11
SIVmac239 Rhesus Env 763-771 SWPWQIEYI Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Tat 28-35 STPESANL Mamu-A*01 U50836 11
SIVmac239 Rhesus Vif 14-22 RIPERLERW Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Vif 144-152 QVPSLQYLA Mamu-A*01 U50836 11
SIVmac239 Rhesus Vpx 8-18 IPPGNSGEETI Mamu-A*01 U50836 11
SIVmac239 Rhesus Vpx 39-48 HLPRELIFQV Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Vpx 102-111 GPPPPPPPGL Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Rev 87-96 DPPTNTPEAL Mamu-A*01 U50836 Unpublishedc

SIVmac251 Rhesus Nef 159-167 YTSGPGIRY Mamu-A*02 U50837 22
SHIVHXBc2 Rhesus Env 99-106 KPCVKLTP Mamu-A*08 23
SIVmac251 Rhesus Env 307-314 YNLTMKCR Mamu-A*02 U50837 24
SIVmac239 Rhesus Env 497-504 GDYKLVEI Mamu-A*11 25-27
SIVmac32H-J5 Cynomolgus Gag 242-250 SVDEQIQWM Mafa-A*02 28

aMHC class I molecule designations: Rhesus macaque (Macaca mulatta; Mamu); cynomolgus macaque (Macaca fascicularis; Mafa).
bThis CTL epitope, with amino acid substitutions at positions 6 and 7, has been identified in both SIVmac239 and SIVsmE660 infected macaques.
cThese epitopes were mapped as part of reference but were omitted from the manuscript because of limited reproducibility.



    

SIV and SHIV Epitopes
R

eview
s

I-29
DEC 2001

Table II. Defined CTL Epitopes with Known Restricting MHC class I B Loci Molecules

Virus Species Protein Epitope Restricting Allelea GenBank Acc. No. Reference

SIVmac251 Rhesus Env 503-511 EITPIGLAP Mamu-B*01 U42837 29
SIVmac239 Rhesus Nef 136-146 ARRHRILDMYL Mamu-B*03 U41825 25-27
SIVmac239 Rhesus Env 575-583 KRQQELLRL Mamu-B*03 U41825 25-27
SIVmac239 Rhesus Nef 62-70 QGQYMNTP Mamu-B*04 U41826 25-27
SHIVHXBc2 Rhesus Env 568-576 NNLLRAIEA Mamu-B*12 23
SIVmac239 Rhesus Nef 165-173 IRYPKTFGW Mamu-B*17 25-27
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Table III. Regions of SIV Recognized By CTL Without Optimally Defined CTL Epitopes or Known MHC Class I Restriction

Virus Species Protein Epitope Reference

SIVmac251 Rhesus Gag 35-59 VWAANELDRFGLAESLLENKEGCQK 30
SIVmac251 Rhesus Gag 246-281 QIQWMYRQQNPIPVGNIYRRWIQLGLQKCVRMYNPT 31-34
SIVmac251 Cynomolgus Gag 296-315 SYVDRFYKSLRAEQTDAAYK 35
SIVmac251 Rhesus Env 21-30 YCTLYVTVFY Unpublished
SIVmac239 Rhesus Env 113-121 CNKSETDRW 36
SIVmac251 Rhesus Env 264-283 SCTRMMETQTSTWFGFNGTR Unpublished
SIVmac251 Rhesus Env 294-303 GRDNRTIISL Unpublished
SIVmac251 Rhesus Env 314-333 RRPGNKTVLPVTIMSGLVFH Unpublished
SIVmac251 Rhesus Nef 108-123 LRAMTYKLAIDMSHFI 31-34 Couillin, 2001 #45
SIVmac251 Rhesus Nef 128-137 GLEGIYYSAR 31-34
SIVmac251 Rhesus Nef 155-169 DWQDYTSGPGIRYPK 31-34
SIVmac251 Rhesus Nef 164-178 GIRYPKTFGWLWKLV d 26, 31-34
SIVmac251 Rhesus Nef 171-179 FGWLWKLVP 27
SIVmac251 Rhesus Nef 201-225 SKWDDPWGEVLAWKFDPTLAYTYEA 31-34
SIVmac239 Rhesus Nef 157-167 QDYTSGPGIRYe 37
SIVmac239 Sooty mangabey Nef 20-28 LLRARGETY 37
SIVmac239 Rhesus Vpr 74-81 RGGCIHSRf Unpublished
SIVmac239 Rhesus Nef 45-53 GLDKGLSSLf Unpublished
SIVmac251 Rhesus Nef 169-178 KTFGWLWKLV 38
SIVmac251 Rhesus Nef 211-225 LAWKFDPTLAYTYEA 38
SIVmac251 Rhesus Nef 112-119 SYKLAIDM 38 Couillin, 2001 #45
SIVmac251 Rhesus Nef 120-135 SHFKEKGGLEGIYYS Couillin, 2001 #45
SIVmac251 Rhesus Nef 125-138 EKGGLELIYYSARR Couillin, 2001 #45
SHIV-HXBc2 Rhesus Gag 321-340 TLLIQNANPDCKLVLKGLGV 39
SHIV-HXBc2 Rhesus Gag 421-440 DHVMAKCPDRQAGFLGLGPW 39
SIVNef 239 Rhesus Env 486-494 AEVAELYRL 40
SIVmac239 Sooty mangabey Gag 196-205 HQAAMQIIRD 41
SIVmac239 Sooty mangabey Env 431-439 YVPCHIRQI 41
Naturally-infected Sooty mangabey Env 430-439 NYVPCHIRQI 41
SIVmac239 Sooty mangabey Env 341-365 PKQAWCWFGGKWKDAIKEVKQTIVK 41
SIVmac239 Sooty mangabey Nef 21-30 LRARGETYGR 41
SIVmac239 Sooty mangabey Nef 20-28 LLRARGETYGR 41
Naturally-infected Sooty mangabey Nef 21-32 LRARGETYGRLL 41

dResponses to the Mamu-B*17-restricted Nef 165-173 CTL epitope may not completely account for responses to this 15mer.
eKinetics of viral evolution in this epitope suggests this may the same epitope as Nef 159-167 in Table I.
fThe manuscript that describes the mapping of these epitopes in David Watkins’ laboratory is being prepared.
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Table I. Defined CTL Epitopes with Known Restricting MHC class I A Loci Molecules

Virus Species Protein Epitope Restricting Allelea GenBank Acc. No. Reference

SIVmac239 Rhesus Gag 149-157 LSPRTLNAW Mamu-A*01 U50836 11
SIVmac251 Rhesus Gag 181-189 CTPYDINQM Mamu-A*01 U50836 11
SIVmac239 Rhesus Gag 254-262 QNPIPVGNI Mamu-A*01 U50836 11
SIVmac239 Rhesus Gag 340-349 VNPTLEEMLT Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Gag 372-379 LAPVPIPF Mamu-A*01 U50836 11
SIVmac239 Rhesus Pol 10-20x EAPQFPHGSSA Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Pol 106-115x LGPHYTPKIV Mamu-A*01 U50836 11
SIVmac239 Rhesus Pol 110-118x YTPKIVGGI Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Pol 322-331x GSPAIFQYTM Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Pol 437-446x IYPGIKTKHL Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Pol 551-559x QVPKFHLPV Mamu-A*01 U50836 11
SIVmac251 Rhesus Pol 584-592x STPPLVRLV Mamu-A*01 U50836 11
SIVmac239 Rhesus Pol 655-663x SGPKTNIIV Mamu-A*01 U50836 11
SIVmac239 Rhesus Env 233-240x CAPPGYAL(L) Mamu-A*01 U50836 11
SHIV-89.6 Rhesus Env 435-443y YAPPISGQI Mamu-A*01 U50836 20
SIVmac239 Rhesus Env 502-510x ITPIGLAPT Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Env 620-628x TVPWPNASLb Mamu-A*01 U50836 11
SIVsmE660 Rhesus Env 620-628x TVPWPNETLb Mamu-A*01 U50836 21
SIVmac239 Rhesus Env 726-734x SSPPSYFQT Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Env 727-737z SPPSYFQTHTz Mamu-A*01 U50836 11
SIVmac239 Rhesus Env 761-769x SWPWQIEYI Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Tat 28-35 STPESANL Mamu-A*01 U50836 11
SIVmac239 Rhesus Vif 14-22 RIPERLERW Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Vif 144-152 QVPSLQYLA Mamu-A*01 U50836 11
SIVmac239 Rhesus Vpx 8-18 IPPGNSGEETI Mamu-A*01 U50836 11
SIVmac239 Rhesus Vpx 39-48 HLPRELIFQV Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Vpx 102-111 GPPPPPPPGL Mamu-A*01 U50836 Unpublishedc

SIVmac239 Rhesus Rev 86-95x DPPTNTPEAL Mamu-A*01 U50836 Unpublishedc

SIVmac251 Rhesus Nef 159-167 YTSGPGIRY Mamu-A*02 U50837 22
SHIVHXBc2 Rhesus Env 99-106 KPCVKLTP Mamu-A*08 23
SIVmac251 Rhesus Env 305-312x YNLTMKCR Mamu-A*02 U50837 24
SIVmac239 Rhesus Env 495-502x GDYKLVEI Mamu-A*11 25-27
SIVmac32H-J5 Cynomolgus Gag 242-250 SVDEQIQWM Mafa-A*02 28

Original AA positions for Pol were about 41 AA too high, because numbering was based on start of Pol orf instead of Gag-Pol ribosome slip site. Original AA positions for Env were generally 2 AA too
high for unknown reasons.
xPositions that have changed
ySequence taken from HIV-1 strain DH12. Corresponds to HXB2 positions 435-443
zMM239 sequence is SPPSYFQQTHT
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Table II. Defined CTL Epitopes with Known Restricting MHC class I B Loci Molecules

Virus Species Protein Epitope Restricting Allelea GenBank Acc. No. Reference

SIVmac251 Rhesus Env 501-509x EITPIGLAP Mamu-B*01 U42837 29
SIVmac239 Rhesus Nef 136-146 ARRHRILDMYL Mamu-B*03 U41825 25-27
SIVmac239 Rhesus Env 573-581x KRQQELLRL Mamu-B*03 U41825 25-27
SIVmac239 Rhesus Nef 62-69x QGQYMNTP Mamu-B*04 U41826 25-27
SHIVHXBc2 Rhesus Env 553-561y NNLLRAIEA Mamu-B*12 23
SIVmac239 Rhesus Nef 165-173 IRYPKTFGW Mamu-B*17 25-27

Original AA positions for Env were 2 AA too high for unknown reasons.
xPositions that have changed
yCorresponds to HXB2 positions 553-561
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Table III. Regions of SIV Recognized By CTL Without Optimally Defined CTL Epitopes or Known MHC Class I Restriction

Virus Species Protein Epitope Reference

SIVmac251 Rhesus Gag 35-59 VWAANELDRFGLAESLLENKEGCQK 30
SIVmac251 Rhesus Gag 246-281 QIQWMYRQQNPIPVGNIYRRWIQLGLQKCVRMYNPT 31-34
SIVmac251 Cynomolgus Gag 296-315 SYVDRFYKSLRAEQTDAAYK 35
SIVmac251 Rhesus Env 21-30 YCTLYVTVFY Unpublished
SIVmac239 Rhesus Env 113-121 CNKSETDRW 36
SIVmac251 Rhesus Env 262-281x SCTRMMETQTSTWFGFNGTR Unpublished
SIVmac251 Rhesus Env 292-301x GRDNRTIISL Unpublished
SIVmac251 Rhesus Env 312-331x RRPGNKTVLPVTIMSGLVFH Unpublished
SIVmac251 Rhesus Nef 108-123 LRAMTYKLAIDMSHFI 31-34 Couillin, 2001 #45
SIVmac251 Rhesus Nef 128-137 GLEGIYYSAR 31-34
SIVmac251 Rhesus Nef 155-169 DWQDYTSGPGIRYPK 31-34
SIVmac251 Rhesus Nef 164-178 GIRYPKTFGWLWKLV d 26, 31-34
SIVmac251 Rhesus Nef 171-179 FGWLWKLVP 27
SIVmac251 Rhesus Nef 201-225 SKWDDPWGEVLAWKFDPTLAYTYEA 31-34
SIVmac239 Rhesus Nef 157-167 QDYTSGPGIRYe 37
SIVmac239 Sooty mangabey Nef 20-28 LLRARGETY 37
SIVmac239 Rhesus Vpr 74-81 RGGCIHSRf Unpublished
SIVmac239 Rhesus Nef 45-53 GLDKGLSSLf Unpublished
SIVmac251 Rhesus Nef 169-178 KTFGWLWKLV 38
SIVmac251 Rhesus Nef 211-225 LAWKFDPTLAYTYEA 38
SIVmac251 Rhesus Nef 112-119 SYKLAIDM 38 Couillin, 2001 #45
SIVmac251 Rhesus Nef 120-135 SHFKEKGGLEGIYYS Couillin, 2001 #45
SIVmac251 Rhesus Nef 125-138 EKGGLELIYYSARR Couillin, 2001 #45
SHIV-HXBc2 Rhesus Gag 321-340 TLLIQNANPDCKLVLKGLGV 39
SHIV-HXBc2 Rhesus Gag 421-440 DHVMAKCPDRQAGFLGLGPW 39
SIVNef 239 Rhesus Env 484-492x AEVAELYRL 40
SIVmac239 Sooty mangabey Gag 196-205 HQAAMQIIRD 41
SIVmac239 Sooty mangabey Env 429-437x YVPCHIRQI 41
Naturally-infected Sooty mangabey Env 428-437x NYVPCHIRQI 41
SIVmac239 Sooty mangabey Env 339-363x PKQAWCWFGGKWKDAIKEVKQTIVK 41
SIVmac239 Sooty mangabey Nef 21-30 LRARGETYGR 41
SIVmac239 Sooty mangabey Nef 20-30 LLRARGETYGR 41
Naturally-infected Sooty mangabey Nef 21-32 LRARGETYGRLL 41

Original AA positions for Env were generally 2 AA too high for unknown reasons.
xPositions that have changed
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gag

MGVRNSVLSGKKADELEKIRLRPNGKKKYMLKHVVWAANELDRFGLAESL
10 20 30 40 50

LENKEGCQKILSVLAPLVPTGSENLKSLYNTVCVIWCIHAEEKVKHTEEA
60 70 80 90 100

KQIVQRHLVVETGTTETMPKTSRPTAPSSGRGGNYPVQQIGGNYVHLPLS
110 120 130 140 150

Mamu-A*01

PRTLNAWVKLIEEKKFGAEVVPGFQALSEGCTPYDINQMLNCVGDHQAAM
160 170 180 190 200

Mamu-A*01 Mamu-A*01

QIIRDIINEEAADWDLQHPQPAPQQGQLREPSGSDIAGTTSSVDEQIQWM
210 220 230 240 250

Mafa-A*02

YRQQNPIPVGNIYRRWIQLGLQKCVRMYNPTNILDVKQGPKEPFQSYVDR
260 270 280 290 300

Mamu-A*01

FYKSLRAEQTDAAVKNWMTQTLLIQNANPDCKLVLKGLGVNPTLEEMLTA
310 320 330 340 350

Mamu-A*01

CQGVGGPGQKARLMAEALKEALAPVPIPFAAAQQRGPRKPIKCWNCGKEG
360 370 380 390 400

Mamu-A*01

HSARQCRAPRRQGCWKCGKMDHVMAKCPDRQAGFLGLGPWGKKPRNFPMA
410 420 430 440 450

QVHQGLMPTAPPEDPAVDLLKNYMQLGKQQREKQRESREKPYKEVTEDLL
460 470 480 490 500

HLNSLFGGDQ
510



     

SIV and SHIV Epitopes
R

eview
s

I-35
DEC 2001

pol

FFRPWSMGKEAPQFPHGSSASGADANCSPRGPSCGSAKELHAVGQAAERK
10 20 30 40 50

Mamu-A*01

AERKQREALQGGDRGFAAPQFSLWRRPVVTAHIEGQPVEVLLDTGADDSI
60 70 80 90 100

VTGIELGPHYTPKIVGGIGGFINTKEYKNVEIEVLGKRIKGTIMTGDTPI
110 120 130 140 150

Mamu-A*01

Mamu-A*01

NIFGRNLLTALGMSLNFPIAKVEPVKVALKPGKDGPKLKQWPLSKEKIVA
160 170 180 190 200

LREICEKMEKDGQLEEAPPTNPYNTPTFAIKKKDKNKWRMLIDFRELNRV
210 220 230 240 250

TQDFTEVQLGIPHPAGLAKRKRITVLDIGDAYFSIPLDEEFRQYTAFTLP
260 270 280 290 300

SVNNAEPGKRYIYKVLPQGWKGSPAIFQYTMRHVLEPFRKANPDVTLVQY
310 320 330 340 350

Mamu-A*01

MDDILIASDRTDLEHDRVVLQSKELLNSIGFSTPEEKFQKDPPFQWMGYE
360 370 380 390 400

LWPTKWKLQKIELPQRETWTVNDIQKLVGVLNWAAQIYPGIKTKHLCRLI
410 420 430 440 450

Mamu-A*01

RGKMTLTEEVQWTEMAEAEYEENKIILSQEQEGCYYQEGKPLEATVIKSQ
460 470 480 490 500

DNQWSYKIHQEDKILKVGKFAKIKNTHTNGVRLLAHVIQKIGKEAIVIWG
510 520 530 540 550

QVPKFHLPVEKDVWEQWWTDYWQVTWIPEWDFISTPPLVRLVFNLVKDPI
560 570 580 590 600

Mamu-A*01 Mamu-A*01

EGEETYYTDGSCNKQSKEGKAGYITDRGKDKVKVLEQTTNQQAELEAFLM
610 620 630 640 650

ALTDSGPKANIIVDSQYVMGIITGCPTESESRLVNQIIEEMIKKSEIYVA
660 670 680 690 700

Mamu-A*01

WVPAHKGIGGNQEIDHLVSQGIRQVLFLEKIEPAQEEHDKYHSNVKELVF
710 720 730 740 750

KFGLPRIVARQIVDTCDKCHQKGEAIHGQANSDLGTWQMDCTHLEGKIII
760 770 780 790 800

VAVHVASGFIEAEVIPQETGRQTALFLLKLAGRWPITHLHTDNGANFASQ
810 820 830 840 850

EVKMVAWWAGIEHTFGVPYNPQSQGVVEAMNHHLKNQIDRIREQANSVET
860 870 880 890 900

IVLMAVHCMNFKRRGGIGDMTPAERLINMITTEQEIQFQQSKNSKFKNFR
910 920 930 940 950

VYYREGRDQLWKGPGELLWKGEGAVILKVGTDIKVVPRRKAKIIKDYGGG
960 970 980 990 1000

KEVDSSSHMEDTGEAREVA
1010
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vif

MEEEKRWIAVPTWRIPERLERWHSLIKYLKYKTKDLQKVCYVPHFKVGWA
10 20 30 40 50

Mamu-A*01

WWTCSRVIFPLQEGSHLEVQGYWHLTPEKGWLSTYAVRITWYSKNFWTDV
60 70 80 90 100

TPNYADILLHSTYFPCFTAGEVRRAIRGEQLLSCCRFPRAHKYQVPSLQY
110 120 130 140 150

Mamu-A*01

LALKVVSDVRSQGENPTWKQWRRDNRRGLRMAKQNSRGDKQRGGKPPTKG
160 170 180 190 200

Mamu-A*01

ANFPGLAKVLGILA
210

vpx

MSDPRERIPPGNSGEETIGEAFEWLNRTVEEINREAVNHLPRELIFQVWQ
10 20 30 40 50

Mamu-A*01 Mamu-A*01

RSWEYWHDEQGMSPSYVKYRYLCLIQKALFMHCKKGCRCLGEGHGAGGWR
60 70 80 90 100

PGPPPPPPPGLA
110

Mamu-A*01
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vpr

MEERPPENEGPQREPWDEWVVEVLEELKEEALKHFDPRLLTALGNHIYNR
10 20 30 40 50

HGDTLEGAGELIRILQRALFMHFRGGCIHSRIGQPGGGNPLSAIPPSRSM
60 70 80 90 100

L
101

tat

METPLREQENSLESSNERSSCISEADASTPESANLGEEILSQLYRPLEAC
10 20 30 40 50

Mamu-A*01

YNTCYCKKCCYHCQFCFLKKGLGICYEQSRKRRRTPKKAKANTSSASNKP
60 70 80 90 100

ISNRTRHCQPEKAKKETVEKAVATAPGLGR
110 120 130
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rev
MSNHEREEELRKRLRLIHLLHQTNPYPTGPGTANQRRQRKRRWRRRWQQL

10 20 30 40 50

LALADRIYSFPDPPTDTPLDLAIQQLQNLAIESIPDPPTNTPEALCDPTE
60 70 80 90 100

Mamu-A*01

DSRSPQD
107

env

MGCLGNQLLIAILLLSVYGIYCTLYVTVFYGVPAWRNATIPLFCATKNRD
10 20 30 40 50

TWGTTQCLPDNGDYSEVALNVTESFDAWNNTVTEQAIEDVWQLFETSIKP
60 70 80 90 100

Mamu-A*08

CVKLSPLCITMRCNKSETDRWGLTKSITTTASTTSTTASAKVDMVNETSS
110 120 130 140 150

Mamu-A*08

CIAQDNCTGLEQEQMISCKFNMTGLKRDKKKEYNETWYSADLVCEQGNNT
160 170 180 190 200

GNESRCYMNHCNTSVIQESCDKHYWDAIRFRYCAPPGYALLRCNDTNYSG
210 220 230 240 250

Mamu-A*01

FMPKCSKVVVSSCTRMMETQTSTWFGFNGTRAENRTYIYWHGRDNRTIIS
260 270 280 290 300

LNKYYNLTMKCRRPGNKTVLPVTIMSGLVFHSQPINDRPKQAWCWFGGKW
310 320 330 340 350

Mamu-A*02

KDAIKEVKQTIVKHPRYTGTNNTDKINLTAPGGGDPEVTFMWTNCRGEFL
360 370 380 390 400
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YCKMNWFLNWVEDRNTANQKPKEQHKRNYVPCHIRQIINTWHKVGKNVYL
410 420 430 440 450

Mamu-A*01

PPREGDLTCNSTVTSLIANIDWIDGNQTNITMSAEVAELYRLELGDYKLV
460 470 480 490 500

Mamu-A*11

EITPIGLAPTDVKRYTTGGTSRNKRGVFVLGFLGFLATAGSAMGAASLTL
510 520 530 540 550

Mamu-B*01

Mamu-A*01

Mamu-A*11

TAQSRTLLAGIVQQQQQLLDVVKRQQELLRLTVWGTKNLQTRVTAIEKYL
560 570 580 590 600

Mamu-B*12 Mamu-B*03

KDQAQLNAWGCAFRQVCHTTVPWPNASLTPKWNNETWQEWERKVDFLEEN
610 620 630 640 650

Mamu-A*01

Mamu-A*01

ITALLEEAQIQQEKNMYELQKLNSWDVFGNWFDLASWIKYIQYGVYIVVG
660 670 680 690 700

VILLRIVIYIVQMLAKLRQGYRPVFSSPPSYFQQTHIQQDPALPTREGKE
710 720 730 740 750

Mamu-A*01

Mamu-A*01

RDGGEGGGNSSWPWQIEYIHFLIRQLIRLLTWLFSNCRTLLSRVYQILQP
760 770 780 790 800

Mamu-A*01

ILQRLSATLQRIREVLRTELTYLQYGWSYFHEAVQAVWRSATETLAGAWG
810 820 830 840 850

DLWETLRRGGRWILAIPRRIRQGLELTLL
860 870
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nef

MGGAISMRRSRPSGDLRQRLLRARGETYGRLLGEVEDGYSQSPGGLDKGL
10 20 30 40 50

SSLSCEGQKYNQGQYMNTPWRNPAEEREKLAYRKQNMDDIDEDDDLVGVS
60 70 80 90 100

Mamu-B*04

VRPKVPLRTMSYKLAIDMSHFIKEKGGLEGIYYSARRHRILDIYLEKEEG
110 120 130 140 150

Mamu-B*03

IIPDWQDYTSGPGIRYPKTFGWLWKLVPVNVSDEAQEDEEHYLMHPAQTS
160 170 180 190 200

Mamu-B*17

Mamu-A*02

QWDDPWGEVLAWKFDPTLAYTYEAYVRYPEEFGSKSGLSEEEVRRRLTAR
210 220 230 240 250

GLLNMADKKETR
260
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INTRODUCTION

The Major Histocompatibility Complex (MHC, the HLA region in hu-
mans) has long been shown to be an important host genetic risk factor in in-
fectious disease as well as a variety of autoimmune diseases and cancers, with
associations with susceptibility or resistance in well over 50 different diseases
(Ryderetl al. 1979; Tiwari and Terasaki 1985; Singhet al. 1997; Thorsby
1997; Hill 1998; Lechler and Warrens 2000). Several of these diseases have a
viral etiology. The role of the MHC in immunologic susceptibility to viral in-
fection was originally discovered by Zinkernagel and Doherty, who determined
that virus-specific cytotoxic T cells recognize both a viral antigen and a poly-
morphic MHC molecule (MHC restriction) (Zinkernagel and Doherty 1974).
HLA class I restriction with cytotoxic T-cell lymphocytes (CTL) plays a major
role in the immune response to and destruction of virally infected cells. The
HLA system has since been found associated with susceptibility or resistance
to many different viruses, and over the past ten years, a variety of studies have
reported an HLA association with human immunodeficiency virus (HIV) trans-
mission and disease progression to Acquired Immune Deficiency Syndrome
(AIDS).

HIV infection in susceptible hosts begins a slow progressive degeneration
of the immune system, characterized by a decline of CD4+ T cells that, in
the absence of medication as a rule eventually results in immunodeficiency,
opportunistic infections, and death. After the primary infection, host cellular

and humoral immune responses generally act to keep the virus under control, but
over time the virus eventually overcomes these immune responses. There are,
however, HIV-positive persons who have not required treatment and continue
to survive and do well despite the HIV-1 infection. Generally termed long term
non-progressors (LTNP), these individuals are very important in HIV-1 host
immunogenetic analyses. In addition, individuals in high risk groups who have
been exposed to HIV-1 infection, but have not yet become infected or whose
HIV-1 viral RNA levels are not yet detectable, would be important to recruit
as controls in association studies. There are many host immunogenetic factors
that may modulate the clinical variations of HIV-1 disease, and the HLA system
in particular has been implicated as a critical influence on the clinical course of
HIV infection.

Outcome heterogeneity in HIV infection and progression to AIDS makes
it difficult to quantify the severity in progression of this disease. To date at least
four different outcome endpoints have been used in disease association analyses,
including time from seroconversion to AIDS, survival/death, the rate of decline
of the prognostic CD4+ T cell count (<200/mm3), and the CDC 1987 and
1993 case definitions (CDC 1987: www.cdc.gov/mmwr/vol36_su1.htm, and
CDC 1993: www.cdc.gov/mmwr/preview/mmwrhtml/00018871.htm). HIV
risk groups studied include homosexual men, hemophiliacs, intravenous drug
users (IVDUs), and heterosexual partners of infected subjects, prostitutes, and
perinatally exposed infants. Each of these groups has their own co-factors such
as use of drugs and routes of infection which make it difficult to compare stud-
ies. Seroprevalent cohorts may have biased disease progression rates, whereas
consecutively enrolled seroconverter cohorts will not have biased rates. Anal-
ysis of HLA association with specific AIDS-defining or AIDS-related clinical
outcomes, including for example Karposi’s sarcoma (KS) (Papasteriadeset al.
1984), tuberculosis (TB) (Singhet al. 1983; Mehra 1990) and cytomegalovirus
(CMV) (Iannettiet al. 1988), many of which have their own HLA associations
independent of HIV infection, can confound the role of HLA polymorphism
using this broader definition of AIDS.

Over sixty papers on HLA association with HIV transmission and pro-
gression to AIDS have been published to date, covering a variety of different
populations and risk groups. Many of the studies of HLA associations with HIV
infection and AIDS progression have rather limited patient and control sample
numbers, some studies use overlapping populations which make comparisons
between studies difficult, and most rely on serologic typing of HLA for both the
class I and II loci. Moreover, these association studies use a variety of outcome
measures in their analyses, compounding the difficulties in making compar-



      

Role of HLA
R

ev
ie

w
s

I-44
DEC 2001

isons between studies. Despite the inconsistencies in the results of HLA-HIV
association research, some relatively clear and consistent associations with
respect to HIV infection and progression to AIDS have emerged. An aspect of
HLA disease association analysis that has improved in the past five years is the
development of the higher resolution PCR-based molecular typing methods for
both HLA class II and class I loci; these methods have largely replaced the less
accurate and less discriminating serologic typing methods. Finally, more recent
studies on HLA associations with HIV and AIDS tend to include larger cohort
sample sizes, a critical element because the extensive allelic diversity of the
HLA loci makes it difficult to obtain statistical significance for association with
any individual allele or haplotype. In this review we focus on HLA associations
that, for the most part, examine general outcome parameters including AIDS-
free versus AIDS positive status, case definitions as defined by the Centers for
Disease Control (CDC), time to AIDS, survival, and decline in CD4+ T cells
over time. HLA associations with specific clinical AIDS-related outcomes
are not reviewed here. Our focus was also primarily on studies since 1995,
as HLA-HIV association manuscripts before 1995 are reviewed by Just (Just
1995). Because of the extreme polymorphism of HLA we focused our review
on larger studies with greater power, however to present studies covering a
wider variety of risk groups, we also included a selection of smaller studies
on perinatal, transfusion and IV drug users. In addition, because there are so
few transmission association analyses, we have included smaller studies here
as well. These smaller cohort studies are presented for information only, and

must be considered preliminary, as they need to be confirmed by studies using
larger cohorts.

The HLA Complex and Heterogeneity
The HLA loci reside in a∼3500 kb segment of the human MHC on

chromosome 6p21.31 (Figure 1) and are the most polymorphic of any mam-
malian gene system, with some loci having more than 400 alleles. The HLA
loci encode cell surface molecules that are composed of two antigen classes.
Class I antigens are present on the surface of all nucleated cells, where they
bind and present peptides derived from the cytosol (viral and self peptides) to
circulating CD8+ T cells. The class I cell surface heterodimer has one MHC
encoded highly polymorphic alpha chain, with the polymorphic residues clus-
tering within the peptide binding cleft, encoded by exons 2 and 3 of the gene,
complexed with the monomorphic molecule, beta-2 microglobulin. Class II
molecules are MHC encoded alpha-beta chain heterodimers found on the sur-
face of B cells, macrophages and other antigen presenting cells, where they bind
and present primarily exogenously derived peptides (bacteria and chemical tox-
ins) to circulating CD4+ T cells. With the exception of the HLA-DQA1 locus,
the beta chain loci are much more polymorphic than the alpha chain loci and
the highly polymorphic regions are localized to exon 2 and encode the peptide
binding cleft. For both the class I and the class II molecules, the polymorphic
amino acid residues in the binding groove interact with the specific residues
of the peptide or of the TCR. The extent of HLA polymorphism observed in pop-

HLA Class II HLA Class IHLA Class III

A

305018006504000

CBDRA1DRB1DQB1DPB1

DPA1 DQA1

Figure 1. The highly polymorphic HLA genes in the MHC are the class I A, B, C and class II DRB1, DQB1, DQA1 and DPB1 loci. Much of the
polymorphism in the HLA class I and II exons cannot be detected by serologic HLA typing methods. Molecular typing methods based on PCR
can accurately distinguish the many allelic sequence variants identified at these loci. A small proportion of the nucleotide sequence polymorphisms
are “silent,” whereas the vast majority of polymorphisms result in amino acid changes, primarily in the peptide binding groove; these polymorphic
residues contact either the peptide, the TCR, or both. As of 2001, class I HLA-A has 229 alleles (24 serogroups), HLA-B has 446 alleles (48
serogroups), HLA-C has 111 alleles (8 serogroups), and class II DRB1 has 298 alleles (17 serogroups), DQB1 has 48 alleles (7 serogroups), and
there are 22 DQA1 and 96 DPB1 alleles (not detectable by serological methods) (http://www3.ebi.ac.uk/Services/imgt/hla/cgi-bin/statistics.cgi).
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ulations is maintained by balancing selection and specifically pathogen-driven
selection (Klitzet al. 1986; Lawloret al. 1990; Hill et al. 1991; Hill et al.
1992; Hill 1998), with potential heterozygote advantage (Black and Hedrick
1997). The nature and localization of the polymorphism allows for differential
binding and presentation of peptide, consequently the extensive allelic diversity
is likely to be functionally significant in terms of disease susceptibility and
progression. Different populations tend to exhibit frequency distributions of
alleles and extended haplotypes particular to that group. These population
differences can potentially confound HLA disease association studies that differ
with respect to ethnic groups in cases and controls, making analysis of individual
allele or haplotype associations between studies more difficult. Concordant
results between studies of different ethnic groups serves to support the HLA
association for both groups, whereas discordant results between studies may
mean that the associated allele is a simply a marker for a nearby disease-related
locus, that the different ethnic groups have different HLA disease susceptibility
alleles, that there was measurement error in determining HLA or outcomes,
and/or that there were spurious findings due to multiple comparisons.

Mechanisms of Host MHC Response to HIV
The MHC class I and class II gene products are critical in the regulation

of immunity against viral infections, and consequently play an important role
in the control of the course of HIV infection and disease. Controlling CD4+
depletion by virus-specific cytotoxic T-cell lymphocytes (CTL) is an important
immunogenetic response toward protecting individuals both from infection and
progression to AIDS once HIV infected (Gotchet al. 1996; Rowland-Joneset
al. 1997). Allelic variants of the HLA molecule can bind and display various
antigenic peptides with differing affinities, thereby influencing the efficiency
of immune protection by both the specificity and affinity of peptide binding
and recognition by T cells (Gotchet al. 1996). Other loci in the MHC can
also play important roles in the HLA-TCR restriction system, influencing HLA
assembly and antigen presentation, giving rise to individual variation in the
immune response. In addition, the HIV-1 virus mutates rapidly, effectively
generating extreme diversity with remarkable between and even within indi-
vidual variability. There are now two major HIV-1 groups (M and O), with the
major group M diversifying into several regional clades (A through I, with B
being the most prevalent in the West), subspecies, and there are also dramatic
intra-individual variations, giving rise to the concept of “quasi-species”. This
extreme viral diversity within an individual during the course of infection may
allow the virus to evade HLA-TCR restriction at two levels, including peptide

binding in the HLA molecule and TCR recognition (Callahanet al. 1990).

HLA ASSOCIATION WITH HIV-1 TRANSMISSION

Many of the earlier studies of HLA alleles associated with HIV-1 trans-
mission included very small and diverse study populations with differing routes
of exposure. Some studies contained prevalent HIV infected cases which could
reflect progression of HIV-1 disease rather than susceptibility to infection, and
most had little to no molecular confirmation of HLA alleles, resulting in no
consistent HLA class I or II associations with HIV-1 infection (Just 1995).
However, there is considerable evidence developing from a small number of
individuals who have been exposed to HIV (some repeatedly exposed) but do
not seroconvert or show any signs of HIV infection. These observations sug-
gest that, in some cases, natural immunity may protect exposed individuals
from HIV infection and that HLA-restricted CTLs may be responsible for the
protective immunity (Shearer and Clerici 1996). Individuals who have been
exposed but do not have HIV include prostitutes and others that engage in un-
protected sex with HIV+ partners, infants born of HIV+ mothers, those exposed
to contaminated blood products through transfusions, health care workers, and
intravenous drug users (IVDU) with a history of needle sharing. Some of these
individuals have been shown to exhibit HIV-specific HLA-restricted CTL re-
sponses, in the absence of HIV-specific antibodies. In fact, a strong T cell
response, including but not limited to HLA class I –restricted CTL responses,
has long been invoked as a major factor in protective immunity against HIV
infection and AIDS progression (Clerici and Shearer 1994). Table 1 illustrates
the significant HLA allele and haplotype associations with HIV transmission.

HLA Association with Protection from HIV-1 Infection
HLA B35, the most common Gambian HLA class I allele has been as-

sociated with resistance to infection in a cohort of HIV-exposed but uninfected
Gambian sex-workers, who demonstrated B35-restricted CTL response to both
HIV-2 and HIV-1 cross-reactive peptide epitopes (Rowland-Joneset al. 1995).
In the Gambia, while most recent infections are with HIV-1, HIV-2 was ini-
tially the predominant strain and may have therefore primed the immune re-
sponse with cross-reactive peptides in the sex-workers. HIV-2 appears to be less
pathogenic and has a lower transmissibility and virus load than HIV-1 infection
(DeCocket al. 1993). The explanation for finding HIV-specific, B35-restricted
CTL in these apparently uninfected women is that they have been repeatedly
HIV-exposed but have been immunized by exposure to HIV (Rowland-Jones
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Table 1. HLA Association with HIV-1 Transmission

TRANSMISSION: NEGATIVE (PROTECTIVE) ASSOCIATION

HLA Allele or Haplotype Risk Group Cases and Controls Population Reference

HLA Class I Associations:
A2 perinatal 125 HIV+ mothers, and 39

HIV+, 121 HIV- infants
African (Nairobi, Kenya) Mac Donaldet al., 1998

A2-A*6802 supertype
(*0202/05/14 and *6802)

prostitutes 122 HIV+ seroconversions,
110 HIV-

African (Nairobi, Kenya) Mac Donaldet al., 2000;
Rowland-Joneset al., 1998

A11 prostitutes 14 HIV- HEPS SW, 9
HIV+ SW controls, 9 HIV-
controls

Northern Thailand Sriwanthana,et al., 2001

B18 prostitutes 17 HIV- SW (HEPS), 19
HIV+ SW controls, 22 HIV-
controls

Northern Thailand Beyreret al., 1999

B*44, B*55 mixed 56 HIV+, 56 HIV- Amerindian & Hispanic
(Argentina)

de Sorrentinoet al., 2000

B8 transfusion 20 HIV + , unspecified num-
ber HIV- controls

Caucasian (Australian) Geczyet al., 2000

B35 + HIV-2 prior infection prostitutes 20 HIV + , unspecified num-
ber HIV- controls

African (Gambia) Rowland-Joneset al., 1995

B*5801 + HIV-2 prior infection mixed 18 HIV + , unspecified num-
ber HIV- controls

African (Gambia) Bertolettiet al., 1998

HLA Class II Associations:
DRB1*0102 >prot *0101 prostitutes 122 HIV+ seroconversions,

110 HIV-
African (Nairobi, Kenya) Mac Donaldet al., 2000

DRB1*13(*1301-3), *1501 perinatal 45 HIV+, 63 seroreverting
infants

mixed Winchesteret al., 1995

DQB1*03032 mixed 52 HIV+ , 47 HIV- Caucasian & African
American

Roeet al., 2000

DQB1*0603 mixed 52 HIV+, 241 HIV- Caucasian & African
American

Achord et al., 1996
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Table 1. cont.

TRANSMISSION: POSITIVE (SUSCEPTIBLE) ASSOCIATION

HLA Allele or Haplotype Risk Group Cases and Controls Population Reference

HLA Class I Associations:
HLA class I concordance be-
tween mother and child

perinatal HIV+ mothers and their 39
HIV+, 121 HIV- infants

African (Nairobi, Kenya) Mac Donaldet al., 1998

HLA class I concordance be-
tween mother and child

perinatal HIV+ mothers and their
infants

Ariel multicenter cohort Polycarpouet al., submitted

A*2301 prostitutes HIV+ seroconversions, 110
HIV-

African (Nairobi, Kenya) Mac Donaldet al, 2000

A32, A25 transfusion HIV + , unspecified number
HIV- controls

Caucasian (Australian) Geczyet al., 2000

A*24, B39, B18 mixed HIV+, 56 HIV- Amerindian & Hispanic
(Argentina)

de Sorrentinoet al., 2000

HLA Class II Associations:
DRB1*03011 perinatal HIV+, 63 seroreverting

infants
mixed Winchesteret al., 1995

DQB*0603 (Cauc.),
DQB1*0602 (African Amer.)

mixed HIV+ , 47 HIV- Caucasian & African
American

Roeet al., 2000

DQB1*0604 perinatal HIV+, 52 seroreverting
infants

African American Just, Abramset al., 1995

DQB1*0605 (African Amer.),
DQB1*0602 (Cauc.)

mixed HIV+, 241 HIV- Caucasian & African
American

Achord et al., 1996

Notes:
1) An asterix (*) denotes HLA allelic designation determined by molecular means. No asterix denotes serologic resolution and typing.
2) SW = sex worker
3) HEPS= highly exposed, persistently seronegative
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et al. 1995). CTL from HIV-2 infected patients with cross-reactivity to HIV-1
were also detected in a study that examined CTL response to HIV-1 Gag protein
(Bertolettiet al. 1998). In this study, patients with B*5801 and HIV-2 exhibited
enhanced response to HIV-1 epitopes that could play a role in cross-protection.

In a group of African sex-workers from Nairobi, the Pumwani Sex Worker
cohort, a strong protective effect against HIV seroconversion is seen with
HLA class II DRB1*01, and in particular DRB1*0102, suggesting that DRB1-
restricted CD4+ cells may play a role in protecting against HIV challenge (Mac-
Donaldet al. 2000). Class I protective associations in this group include the
HLA-A2-A*6802 supertype, consisting of A*0202, *0205, *0214 and *6802,
with no apparent added effect of homozygosity for multiple A2/6802 super-
type alleles. (Rowland-Joneset al. 1998; MacDonaldet al. 2000). The
A2/6802 supertype is especially important epidemiologically as∼40% of the
world population possess alleles within this supertype, which share highly con-
served HIV-1 epitopes, and are targets of protective cellular immune responses.
A2 and HLA class I discordance between mother and child were also found to
be protective in a cohort of Nairobi HIV+ mothers and their newborn children
(MacDonaldet al. 1998).

These African female sex workers have higher documented exposure
to HIV than any other group in the world and are routinely exposed to several
different strains of HIV-1 (A, D, and C), and the CTL responses in these women
exhibit cross-clade reactivity (Rowland-Joneset al. 1998; Rowland-Joneset al.
1999). Once primed, the CTL responses could be boosted by repeated exposure
in the prostitutes, whereas they are known to be transient after single exposure,
as shown in data from health care workers (Pintoet al. 1995) and perinatal
exposure (Rowland-Joneset al. 1993). The combined epidemiologic HLA data
provide further evidence that the resistance to HIV-1 infection in this cohort
is a natural protective cellular immunity to HIV-1 (Fowkeet al. 1996; Gohet
al. 1999; MacDonaldet al. 2000). A recent report on late seroconversion in
HIV-resistant Nairobi prostitutes, however, demonstrated that, in the absence
of detectable virus escape mutations, seroconversion can still rarely occur and
may relate to reduced antigenic exposure due to reduction in sex work over
the preceding year (Kaulet al. 2001). It may be that viral phenotype, dosage
and/or route of exposure are critical, in addition to host genetics, in determining
whether the new exposure results in boosting of protective immunity or the
establishment of productive infection in these HIV-1 seronegative subjects with
pre-existing HIV-1-specific CD8+ responses (Kaulet al. 2001).

Another study of neonates and HLA class II associations with protection
from HIV-1 infection includes a study of 63 seroreverting infants, identifies

the protective alleles DRB1*1501 and DRB1*13 (*1301–3), which is also
associated with long-term nonprogression of HIV to AIDS (Winchesteret al.
1995).

HLA types that are marginally associated with susceptibility or protection
to HIV-1 infection need further analysis for confirmation. For example, HLA
class I A*2401, A11 or B18, are found marginally associated with a reduction
in the risk of HIV-1 seroconversion in African Pumwani and Northern Thailand
Sex Worker cohorts (Beyreret al. 1999; MacDonaldet al. 2000; Sriwanthana
et al. 2001); however A24 and B18 are increased in a group of patients of
Hispanic and Amerindian ethnicities from Argentina, suggesting that they are
associated with susceptibility to infection in that population (de Sorrentinoet al.
2000). And, the frequency of HLA B8 is decreased in a small study population
of 20 transfusion patients with acquired HIV-1 from Australia (Geczyet al.
2000), suggesting that it is protective against infection in this group. However,
as discussed in more detail below, B8 is often found increased in patients
with rapid HIV-1 progression, which may reflect different roles for HLA in
the biology of HIV transmission versus progression to disease. Again, these
studies need further confirmation with larger sample sizes to confirm the HLA
associations.

The above findings of HLA associations with HIV protection in different
populations underscore the importance of protective immunity against HIV and
HLA-restricted CTL induction in HIV vaccine design. However, the HLA ef-
fect is neither completely necessary nor sufficient for resistance to infection. In
addition to host genetic factors, other environmental factors could play a sub-
stantial role in determining HIV-1 infection status, including the pathogenecity
of the virus, and the timing of the infection and exposure to drugs (recreational
or therapeutic) could modify the initial immune response to the virus, poten-
tial confounding cofactors that need to be considered in any analysis of HLA
association with HIV transmission.

HLA Association with Susceptibility to HIV-1 Infection

Susceptibility to infection in mother-to-child transmission of HIV-1 was
studied in a group of Nairobi patients and controls, in which HLA class I
concordance represents a risk factor for HIV-1 transmission (MacDonaldet
al. 1998). In this study, each extra HLA concordant allele that a child has in
common with its mother more than doubled the estimated risk of transmission,
in a dose-effect relationship. A more recent study with 203 maternal-infant
pairs (Polycarpou et al. submitted) also reported that HLA class I but not class
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II concordance between mother and child increased the risk of transmission
(OR = 4.16; p = 0.028).

Individually, HLA A*2301, is associated with a substantially increased
risk of HIV-1 seroconversion in an African cohort of prostitutes from Nairobi
(MacDonaldet al. 2000). The serologically related A*2401 is increased in
a group of patients of Hispanic and Amerindian ethnicities from Argentina,
and with B18 and B39, are increased suggesting that they are associated with
susceptibility to infection (de Sorrentinoet al. 2000). Finally, HLA-A32 and
A25 are found decreased in a small study of transfusion acquired HIV+ patients
from Australia, suggesting that they contribute susceptibility to HIV-1 infection
(Geczyet al. 2000)

The HLA class II loci most frequently associated with susceptibility to
HIV-1 infection in a number of smaller population studies include DQB1*0604,
which is consistently associated with increased risk of HIV infection among
African American children born to HIV-1 infected mothers (Justet al. 1995),
and DQB1*0201, *0602, *0605 and *0603 with greater risk of susceptibility
to HIV infection in Caucasians and African Americans (Roeet al. 2000).
HLA class II DRB1*03011 is associated with susceptibility to infection in
seroreverting infants (Winchester et al. 1995). Further research involving
larger sample sizes will be necessary to confirm the associations noted in many
of the studies noted here.

HLA ASSOCIATION WITH SUSCEPTIBILITY FOR
RAPID HIV-1 DISEASE PROGRESSION TO AIDS

Table 2A illustrates the HLA alleles and haplotypes found associated with
rapid HIV-1 disease progression to AIDS, including some association data on
the TAP loci.

Class I Homozygosity
In principle, homozygosity at HLA loci might decrease the number of vi-

ral epitopes which could serve as a target for CTLs. HLA class I homozygosity,
and especially two locus homozygosity, appears to be associated with AIDS
progression, as reported in studies using different cohorts, including Caucasian
American and European homosexuals, African heterosexual women, and mixed
risk groups and population cohorts (Carringtonet al. 1999; Hendelet al. 1999;
Keetet al. 1999; Tanget al. 1999). The maintenance of HLA genetic variation
appears to be a selective advantage against pathogenic agents, and HLA het-
erozygosity may therefore play a major role in combating infectious disease.

An increase in infectious disease when there is an overall population decrease
in MHC heterozygosity is found in many species (Watkinset al. 1988; Black
and Hedrick 1997; Evanset al. 1997), and lends credence to the hypothesis of
maintenance of the extensive observed MHC polymorphism by mechanisms of
balancing selection and overdominance (heterozygote advantage).

In the Carrington report, Kaplan-Meier survival curves for seroconverters
from three cohorts indicated that having two homozygous class I loci decreases
the mean survival time significantly, and that homozygosity at two or more
loci enhances the rate of progression to AIDS, compared with heterozygous
individuals at each respective locus (Carringtonet al. 1999). Data from other
studies suggest that each locus appears to contribute separately to the protective
effect associated with heterozygosity, with an additive effect of homozygosity
on progression. Of note, although homozygosity at class I loci is disadvanta-
geous following natural infection, homozygosity at class I was not significantly
disadvantageous when analyzed for vaccine response (Kaslowet al. 2001).

Bw4 Homozygosity
HLA-B alleles can be divided into two groups, those expressing the “pub-

lic specificity” (a serological epitope found on many different alleles) Bw4
(IARL amino acid) and those expressing Bw6 (RNLRG amino acids) motifs,
at amino acid positions 77–83 in exon 2 of the B locus. Evidence for protection
from HIV-1 viremia and AIDS associated with Bw4 homozygosity was recently
presented by Flores-Villanueva and colleagues (Flores-Villanuevaet al. 2001)
in a study of HIV-1 seroconverters, including long-term non-progressors with
control of viremia (“controllers”, HIV-1 RNA<1000 copies/ml plasma). The
Bw4 (IALR amino acid) motif also functions as a ligand for a natural killer cell
(NK) immunoglobin receptor (KIR). One interpretation of the Bw4 association
is the assumption that NK cells play a major role in controlling viral replication
and that the presence of two copies of the Bw4 epitope affects the activation
of NK cells. An alternative explanation is simply that the protective alleles
HLA-B*57 and B*27 carry the Bw4 epitope and association with Bw4 need
not reflect the putative effect on NK cell activation and function (O’Brienet al.
2001). Of course, effects of B locus allelic diversity on T cell activation or of
NK activation for controlling viremia need not be mutually exclusive.

B*35
B*35 is the most consistently associated HLA allele correlated with ac-

celerated HIV disease. A strong association of B*35 (B35 from serologic data)
with rapid progression to AIDS has been observed in many studies on a wide
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Table 2A. Rapid Progression (RP): Positive (Susceptible) Association

HLA Allele HLA Haplotype Risk Group Cases HIV+ Population Reference

HLA Class I Associations:
A23; B37, B49, B35;
Cw*04

B35-Cw*04 homosexual 241 2 cohorts; Cauc.
(American)

Kaslow et al. 1996;
Saahet al., 1998

A*2301 pediatric 36 LTNP, 14 RP mixed Chenet al., 1997
A29, B22 [split 54,55,56]
B35 (trend), C16 (trend)

mixed 75 RP, 200 SP, no Rx Cauc. (European) Hendelet al, 1999

Class I Homozygosity
with natural infection

vaccine volunteers 291 HIV- mixed Kaslowet al., 2001

Class I Homozygosity mixed 140 males; 202
females

Cauc. (Dutch) males;
Rwandan females

Tanget al.,1999

Class I Bw4 Homozygos-
ity; B*08, B*35, B*44

mixed 39, no Rx, incl. 20
LTNP

mixed Flores-Villanuevaet
al., 2001

A24; Class I A, B
Homozygosity

homosexual 382 seroconverters 5 cohorts; mixed Keetet al., 1999

B*35; Cw*04; Class I
Homozygosity

B35-Cw*04 mixed 498 Cauc. (American) Carringtonet al., 1999

B*35Px (x = 3502-04;
includes also B53)

mixed 850 mixed cohorts; Cauc.
(American), African
Am., mixed

Gaoet al., 2001

B35 mixed 33, incl. 20 LTNP;
853 HIV- (class I
typing)

mixed Paganelliet al., 1998

B35 homosexual 106 HIV+, 866 HIV- Cauc. (Dutch) Kleinet al., 1994
B35 hemophiliac 144 Cauc. (French) Sahmoundet al., 1993
B8 transfusion 20 Cauc. (Australian) Geczyet al., 2000

A1-B8-DR3 IV drug users 260 mixed Brettleet al., 1996
B21, B35 A1-B8-DR3 mixed 180 Cauc. (European) Kaplanet al. 1990

A1-B8-DR3 IV drug users 262 Cauc. (Scottish) McNeilet al., 1996
A1-Cw7-B8-DR3-DQ2 A11-Cw4-
B35-DR1-DQ1

mixed variable mixed Summarized from Just,
1995, Review
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Table 2A. cont.

HLA Allele HLA Haplotype Risk Group Cases HIV+ Population Reference

HLA Class II Associations:
DRB1*12-DQB1*0301 homosexual 381 seroconverters 5 cohorts; mixed Keetet al., 1999

DR11 mixed 75 RP, 200 SP, no Rx Cauc. (European) Hendelet al, 1999
DR1 and DR11 mixed 33, incl. 20 LTNP;

153 HIV- (class II
typing)

mixed Paganelliet al., 1998

DRB1*0301-DQA*0501-DQB*0201 perinatal 81 Cauc. (Spanish) Justet al., 1996
DRB1*0301-DQA*0501-DQB*0201 perinatal 37 African American Just, Abramset al.,

1995
DPB1*0101 (consensus:
-asp-glu-ala-val at amino
acid position 84-87)

perinatal 54 HIV+ and 52 HIV- African American Justet al., 1992

HLA and TAP Associations:
A28(68) or A32 +TAP2.3; A23 or
Cw*04 minus TAP2.3; B8 or B40(60)
+ TAP2.1; and DRB1*12-DQB1*0301

3 cohorts 375 Cauc. (American) Keetet al., 1999

A28 + TAP2.3; A24 + TAP2.1 or 2.3;
A29 + TAP2.1, A23 minus TAP2.3;
B8 + TAP2.1, B60 + TAP2.1 or 2.3;
DRB1*0401-DQA1*03-DQB1*0301,
DRB1*12-DQA1*0501-DQB1*0301,
DR*13-DQA1*0102-DQB1*0604, or
DRB1*14-DQA1*0101-DQB1*0503 +
TAP1.2

homosexual 241 Cauc. (American) Kaslowet al. 1996;
Saahet al., 1998

Notes:
1) An asterix (*) denotes HLA allelic designation determined by molecular means. No asterix denotes serologic resolution and typing.
2) RP = rapid progressor
3) SP = slow progressor
4) LTNP = long term nonprogressor
5) Cauc = Caucasian
6) AA or African Am.= African American
7) ALT = French LTNP cohort
8) IMMUNOCO = French standard progressors cohort
9) Rx = chemotherapy
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variety of risk groups, comprised of Caucasians for the most part, and analyzed
using various outcomes analyses (Kaplanet al. 1990; Sahmoudet al. 1993;
Klein et al. 1994; Kaslowet al. 1996; Paganelliet al. 1998; Carringtonet al.
1999; Hendelet al. 1999; Flores-Villanuevaet al. 2001) (for earlier studies see
(Just 1995)). The B*35 effect is co-dominant and a homozygous state increases
the susceptibility (Carringtonet al. 1999; Gaoet al. 2001).

More recently, the influence of a B*35 subtype in accelerated progression
was reported, implicating B*35Px as a susceptibility allele in both Caucasians
and African Americans (Gao et al. 2001). B*35Px includes B*3502/3/4 and
B*5301, which have the amino acid proline in the peptide binding groove pocket
number 2, and anything but tyrosine in pocket 9. The B*35Px susceptibility
alleles all encode products with no more than 3 amino acid differences among
the entire HLA molecule and, based on this hypothesis, differ from B*3501,in
terms of disease association (see below). The B53 allele is included in this
group because of the close phylogenetic relationship with B35, and B*5301,
which is more prevalent than B*35 in African Americans. B*5301, showed sig-
nificant predisposition to rapid progression in African Americans (Carrington
et al. 1999; Gaoet al. 2001). Grouping HLA alleles by functional categories
based on potential peptide binding regions may prove to be useful in HLA
disease association analyses (Hugheset al. 1996). One difficulty, however,
with this approach is that the relationship of the number of predicted peptides
binding to a given HLA molecule to a specific and protective immune response
is not well-established. Nonetheless, this approach provides an opportunity to
generate hypotheses relating the structure of the HLA molecule encoded by an
asociated allele with an immune response that may account for the observed
association. The Cw*04 association that was found associated with rapid pro-
gression was due to strong linkage disequilibrium with B*35 in those studies
that analyzed these two markers (Kaslowet al. 1996; Carringtonet al. 1999;
Gaoet al. 2001). In another serological study involving African sex work-
ers, B35 was shown to be broadly cross-reactive, restricting CLT with both
HIV-1 and HIV-2 sequences; the B35 alleles, however, were not resolved in
this African group. (Rowland-Joneset al. 1995; Rowland-Joneset al. 1999);
This study suggests that the B35-restricted CTL could have been primed first
by HIV-2 exposure and subsequently boosted by exposure to HIV-1, and may
thus represent protective immunity to HIV generated in response to repeated
exposure of conserved epitopes (Rowland-Joneset al. 1999). In another study,
evidence for an effective presentation of HIV-1 molecules by B*3501 demon-
strated B*3501 was capable of recognizing large numbers of HIV epitopes, but
this study also showed that natural mutations in B*3501-restricted HIV-1 CTL

epitopes reduced both peptide binding and TCR recognition (Tomiyamaet al.
1997). Based on this study, characterization of the B35 alleles in the African
sex worker cohort to determine if they are B*3501, the most common B35 allele
in Africans, would lend further support to the HIV-2 priming hypothesis in the
study by Rowland-Jones and colleagues.

A1-B8-DR3: Alleles and Haplotype
The B8 and DR3 genes and the A1-B8-DR3 haplotype are associated with

fast progression of HIV disease as reported by many research groups looking
at different populations, including IV drug users (Brettleet al. 1996; McNeil
et al. 1996), transfusion patients (Geczyet al. 2000), infants born to HIV-1
positive mothers (Justet al. 1995), and several earlier studies as summarized
by Just (1995). The A1-B8-DR3 haplotype is part of an extended haplotype
8.1: HLA-A1, Cw7, B8, DR3, DR52a, DQ2, which includes DPB1*0101
and which has been associated with a wide variety of autoimmune diseases in
Caucasian populations (Tiwari and Terasaki 1985; Modicaet al. 1993; Caruso
et al. 1996; Thorsby 1997; Lechler and Warrens 2000). In some studies,
this haplotype has been associated with a dysfunctional immune response with
increased antibody production, decreased Th-1 helper type cytokine, and DR3
associated deficiency of T cells with IgG Fc receptors in otherwise healthy
subjects (Candore et al. 1998). As HIV-specific CTL are believed to play a
key role in controlling the virus throughout HIV infection (Clerici and Shearer
1994; Kinter and Fauci 1996; Shearer and Clerici 1996), the resulting deficiency
of effective T cells in individuals with A1, B8, DR3 alleles or haplotype could
be a distinct biologic disadvantage in combating this disease.

A23 and A24
A23 (A*23 allele) and A24 (A*24 allele) are subtypes of the A9 serotype.

A23 is associated with rapid disease progression in a large cohort of Caucasian
homosexuals (Kaslowet al. 1996), as well as in a small pediatric cohort,
in which A*2301 was the susceptible allele (Chenet al. 1997). A24 is a
susceptible serotype of significance in a study of homosexual men from five
cohorts of mixed ethnicity (Keetet al. 1999).

DR5 (DRB1*11 and *12) and DR6 (DRB1*13 and *14)
The serotype DR5 has been found consistently associated with rapid pro-

gression to AIDS in several earlier studies on HLA association with HIV-1
disease progression (reviewed in Just 1995). The DR5 serotype, however, can
be split into DR11 (DRB1*11 alleles) and DR12 (DRB1*12 alleles). Using a
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novel HLA profiling statistic, the haplotype DRB1*12-DQB1*0301 was found
associated with more rapid progression to AIDS in a study analyzing a large
number of seroconverters from 5 different cohorts (Keetet al. 1999). DR11
was also found to be associated with rapid progression to AIDS in a European
cohort (Hendelet al. 1999), and in a small, mixed ethnic cohort with LTNP
(Paganelliet al. 1998). The DR11 effect was reversed when DR4 (protective)
was also present in the European cohort, and the negative DR11 effect became
stronger when patients with the DR4 alleles were removed from the analysis
(Hendel et al. 1999). Although the DR11 serogroup is associated with suscep-
tibility, a protective effect was found with the allele DRB1*1102, which was
significantly increased in a small study on HIV-1 positive African American and
Caucasians with diffusely infiltrative CD8 lymphocytes syndrome (DILS) and
slow progression to disease (Itescuet al. 1994), although much larger sample
sizes will be needed to confirm DRB1*11 allelic associations. DR6 (DRB1*13
and DRB1*14 subtypes) alleles are associated with TAP alleles in more rapid
progression of HIV disease (Kaslowet al. 1996) (discussed below).

HLA ASSOCIATION WITH SLOW HIV-1 DISEASE
PROGRESSION TO AIDS (PROTECTION)

Several HLA class I alleles have been associated with relatively slower
disease progression to AIDS, and confirmed in subsequent studies, including
A*32, A25, A26, A*68, A23 and HLA-B*27 and B*57. Table 2B illustrates
significant HLA alleles and haplotypes found associated with relatively slow
HIV-1 disease progression to AIDS.

HLA-A protective alleles: A25, A26, A68, A23, and A32
A reproducibly strong protective effect is seen for A25, which is associ-

ated with slow progression in several studies (Hendelet al. 1999; Geczyet al.
2000). Associations with A25 and A26 with TAP2.3 alleles are correlated in
two other studies that utilize novel HLA profiling statistics to quantitate HLA
involvement with HIV disease progression (Kaslowet al. 1996; Keetet al.
1999), described further under TAP associations, below. HLA-A68 and A23
are also associated with TAP genes (A28(68), or A32 + TAP2.3, A23 or Cw*04
minus TAP2.3) (Kaslowet al. 1996; Saahet al. 1998) and accelerated disease.

A*32 has been shown to be associated with slow disease progression
in two related mixed population cohort studies (Kaslowet al. 1996; Keetet
al. 1999). A recent study on HLA association with CTL response to novel

HIV-1 vaccines showed favorable prognosis with A*32(Kaslowet al. 2001).
In addition, a small transfusion study in a group of HIV-1 infected, LT-NP
Australian Caucasians also showed a trend toward protection with A32 (Geczy
et al. 2000).

HLA-B*57 and B*27
Both B27 and B57, which are rare alleles in most populations, are consis-

tently associated with slower progression to AIDS in HIV-1 infected subjects.
The B27 association has been found in many different risk groups including
IV drug users (McNeilet al. 1996), cohorts of homosexuals with mixed eth-
nicity (Kaslow et al. 1996; Keetet al. 1999; Gaoet al. 2001), and other
mixed risk groups (Hendelet al. 1999; Gaoet al. 2001). A case-control
study analyzing two French HIV-1 Cohorts looked at the combination of both
HLA and chemokine receptor genotypes in a multivariate logistic regression
model and concluded that individuals heterozygous for CCR5-delta32 and ho-
mozygous for SDF1 wild type have increased odds of being a LTNP, with a
47-fold odds increase when a HLA-B27 allele is present with HLA-DR6 absent
(Magierowskaet al. 1999). The mechanism behind the protective association
with B27 is believed to involve recognition of conserved HIV-1 epitopes in
p24 gag, leading to an immunodominant response (Kelleheret al. 2001) while
accruing mutation abrogates B27 presentation. Finally, a recent study on HLA
association with CTL response to novel HIV-1 vaccines demonstrated favorable
response with B*57 and B*27 alleles, noting that higher proportions of HIV-1
negative vaccinees with B*27 or B*57 reacted at least once to both ENV and
GAG protein in a lytic bulk CD8+ cytotoxic T-lymphocyte assay (Kaslowet al.
2001).

The B57 association with protection from HIV disease progression is
one of the strongest HLA associations with slow disease progression in HIV-1
infected patients, and is confirmed by many studies (Kaslowet al. 1996; Saah
et al. 1998; Costelloet al. 1999; Hendelet al. 1999; Keetet al. 1999;
Flores-Villanuevaet al. 2001; Gaoet al. 2001). In addition to these larger
studies, researchers studying HIV-1 positive LTNP patients from Amsterdam
found HLA-B57-restricted CTL responses targeted at multiple proteins of HIV-
1, with CTL specific for Gag and RT being the most pronounced and associated
with longer time to AIDS (Kleinet al. 1998). In another very small cohort
of LTNPs from Australia, B*5701 is highly associated with restriction of HIV
replication (Migueleset al. 2000). Finally, B*5703 is consistently associated
with slower disease in a study of Rwandan women (Costelloet al. 1999).
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Table 2B. Slow or Non-Progression: Negative (Protective) Association

HLA Allele Haplotype Risk Group Cases Popuation Reference

HLA Class I Associations:
A3, B14, B17, B27 mixed 70 ALT (153 IM-

MUNOCO controls)
Cauc (French) Magierowskaet al.,

1999
A32 mixed 20 LTNP mixed Paganelliet al., 1998
A32 (trend), A25 (trend) transfusion 20 Cauc (Australian) Geczyet al., 2000
A*32, B*27, B*57 vaccine volunteers 291 HIV- mixed Kaslowet al., 2001
B27 (trend) IV drug users 262 Cauc. (Scottish) McNeilet al., 1996
B27, B57 homosexual 375 seroconverters 5 cohorts; mixed Keetet al., 1999
B*27, B*57 mixed 850 mixed cohorts; Cauc.

(American), African
Am.

Gaoet al., 2001

B*5703 women Rwandan women Costelloet al., 1999
B*57, B*44 mixed 39, no RX, incl. 20

LTNP
mixed Flores-Villanuevaet

al., 2001
B14 [64,65], B27 (trend), B57
(trend), Cw8, Cw14 (trend)

mixed 75 RP, 200 SP no Rx Cauc. (European) Hendelet al, 1999

B27, B51, B57 homosexual 241 Cauc. (American) Kaslowet al. 1996;
Saahet al., 1998

B35 prostitutes 20 African Am. Rowland-Joneset al.,
1999

B35, B*5801 HIV-2 + 18 (no Rx, no
symptoms)

African (Gambian) Bertolettiet al., 1998
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Table 2B. cont.

HLA Allele HLA Haplotype Risk Group Cases HIV+ Population Reference

HLA Class II Associations:
DRB1*13-DQB1*0603 homosexual 375 seroconverters 5 cohorts; mixed Keetet al., 1999

DR6 [13, 14], DR7 mixed 70 ALT (153 IM-
MUNOCO controls)

Cauc (French) Magierowskaet al.,
1999

DR1 mixed 20 LTNP mixed Paganelliet al., 1998
DR1, DR4 mixed 180 Cauc. (European) Kaplanet al., 1990
DR11 + DR4 (slow
progression)

mixed 75 RP, 200 SP no Rx Cauc. (European) Hendelet al, 1999

DR13, DRB1*1301,
*1302, *1303, *1310

pediatric 36 LTNP 14 RP mixed Chenet al., 1997

DRB1*13; DRB1*1501 perinatal 46 HIV+, 63 serore-
verting infants

African American
and Hispanics

Winchesteret al., 1995

DRB1*1102; DRB1*1301 mixed 145 mixed Itescuet al., 1994

DQA1*0102 perinatal 106 African American Justet al., 1992
DPB1*0101 perinatal 37 HIV+ African American Just, Abramset al.,

1995
HLA and TAP
Associations:

A25, A26, A32 or B18 and TAP2.3 homosexual 241 Cauc. (American) Kaslowet al., 1996;
Saahet al., 1998

A25, A26, A29-33 (A19 split) +
TAP2.3

homosexual 375 seroconverters 5 cohorts; mixed Keet 99

Notes:
1) An asterix (*) denotes HLA allelic designation determined by molecular means. No asterix denotes serologic resolution and typing.
2) RP = rapid progressor
3) SP = slow progressor
4) LTNP = long term nonprogressor
5) Cauc = Caucasian
6) AA or African Am.= African American
7) ALT = French LTNP cohort
8) IMMUNOCO = French standard progressors cohort
9) Rx = chemotherapy
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DR6 (DRB1*13 and *14)
DR6 (DRB1*13 and DRB1*14 subtypes) alleles have primarily been as-

sociated with accelerated disease (reviewed in (Just 1995), associated with TAP
genes in (Kaslowet al. 1996)), but show correlation with slower progression
in other studies. For example, DR6 is associated with slow progression in a
European study that includes mixed risk groups (Magierowskaet al. 1999).
In addition, DRB1*13 is associated with slower progression to disease in two
perinatal studies with mixed ethnic groups (Winchesteret al. 1995; Chenet
al. 1997); protective DRB13 alleles included DRB1*1301, 1302 and 1303 in
these studies.

OTHER CLASS I AND II ASSOCIATIONS

In addition to the more consistently found associations described above,
Table 2 also illustrates other HLA associations with progression to AIDS
that were very significant in the different high risk groups but have yet to
be confirmed by further studies. For example, class II associations include
DQA1*0102, a protective allele, and DPB1*0101 and DPB1 alleles with the
consensus sequence (–asp-glu-ala-val) at amino acid positions 84–87 in exon
2, which were found to be protective and susceptibility alleles, respectively, in
a large cohort of African American infants born to mothers infected with HIV-1
(Justet al. 1992; Justet al. 1995).

HLA class I alleles associated with rapid disease progression that need
further confirmation in new and larger studies include B37, B49 (Kaslowet al.
1996), B22 (including serotypes B54, B55, B56), A29 and C16 (Hendelet al.
1999), and B44 (Flores-Villanuevaet al. 2001). The A29 negative association
is interesting because A29 has been shown to restrict CTL-HIV clones, but
was poor in recognizing autologous sequence variants (Wilsonet al. 1997).
Class I alleles associated with slower disease progression to AIDS that need
further confirmation include A3, B14, B17 (Magierowskaet al. 1999), B51
and B58 (Kaslowet al. 1996), with the B58 subtype, B*5801, found in a group
of patients from Gambia with HIV-2 positive status (Bertolettiet al. 1998).

HLA & TAP HAPLOTYPES

A comprehensive novel statistical profiling analysis was used by Kaslow
and colleagues to generate HLA profiles predictive of HIV disease progression
(Kaslowet al. 1996; Saahet al. 1998; Keetet al. 1999). In these studies, HLA
class I and II alleles and haplotypes are associated with TAP alleles as high risk

combinations, where the TAP variants modified the time-to-AIDS in the pres-
ence of certain HLA variants that were unrelated to AIDS-free time in the pres-
ence of others (Table 1). Haplotypes DRB1*0401-DQA1*03-DQB1*0301,
DRB1*12-DQA1*0501-DQB1*0301, DR*13-DQA1*0102-DQB1*0604, or
DRB1*14-DQA1*0101-DQB1*0503 are associated with TAP1.2 and rapid
progression. In addition, HLA- A24 + TAP2.1 or TAP2.3, and A28(68), or A32
+ TAP2.3, A23 or Cw*04 minus TAP2.3, and HLA- B8 + TAP2.1, B40(60) +
TAP2.1 or 2.3 are all associated with rapid progression. Kaslow and his col-
leagues also found several HLA class I and TAP haplotypes that were associated
with slower progression of AIDS, including HLA-A25, 26, 68 or A29–33 + TAP
2.3, B18 and TAP2.3 (Kaslowet al. 1996; Keetet al. 1999). The possibility
that the TAP alleles are markers for other tightly linked loci cannot be excluded,
and further studies are warranted to evaluate these reported associations.

CONCLUSION

The very large body of reported data on HLA associations with HIV and
disease progression includes some observations that have been consistently re-
produced in different studies (e.g. the protective effects of B*27 and B*57,
and the alleles specific to B*35 susceptibility), while some findings have not
been confirmed. Differences in the methods and the resolution of HLA typing
as well as differences in the clinical endpoints and in the populations studied
may be responsible for some of these discrepancies. Some reported observa-
tions, especially in the smaller studies, may simply reflect type 1 error given
the extent of multiple comparisons. Further analysis of large population-based
studies of HLA association with HIV transmission, and disease progression to
AIDS, are still needed to confirm and augment studies to date. There is a press-
ing need to create larger databases, including cohorts from different ethnicities,
such as African, African-American and Asian populations, to test associations
in different populations. Data from those studies will be invaluable to current
HIV vaccination strategies involving induction of HIV-1 specific HLA class
I-restricted CTL responses. Immunodominant viral epitopes that are well con-
served between HIV clades could be used to overcome the hypervariability
of the HIV in developing peptide-based vaccines, but the role and breadth of
the host HLA class I haplotype response is also relevant, with the need for
HLA-specific vaccines for groups carrying alleles less responsive to HIV. More
rigorous molecular typing, excellent longitudinal data, appropriate statistical
analysis, plausible biological associations, and replication in other populations
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by independent groups are all attributes which will contribute to the confi-
dence of the more established as well as the novel HLA associations with HIV
transmission and AIDS progression.
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